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PflQger  Bhowed  that  durii^  the  passage  of  a  galvanic  cmrcDt  through 
a  nerve  the  physiological  condition  of  the  nerve  in  the  neighborhood 
of  the  poles  is  changed.  Currenta — "electrotonic  currents" — are  set 
up  near  both  poles.  In  the  region  around  the  anode  the  irritability, 
as  measured  by  the  threshold  for  stimulation,  and  the  conductivity,  as 
meamired  by  the  speed  of  the  nerve  impulse,  are  decreased;  in  the 
region  around  the  cathode,  provided  the  current  is  not  too  strong,  the 
irritability  and  the  conductivity  are  increased.  If  the  current  is  long 
continued,  however,  the  cathodal  hyper-irritability  and  hyper-conduo- 
tivity  are  lessened  and  may  even  change  to  eub-normal  values;  suci} 
sub-normal  values  appear  very  quickly  or  at  once  if  the  polarizing 
current  is  very  strong. 

The  above  effects  are  those  observed  in  non-narcotized  nerve.  It 
should  also  be  of  interest  to  examine  what  effects  are  produced  by  the 
electric  current  in  nerve  that  has  been  narcotized. 

In  regard  to  the  electrotonic  currents,  Waller  found  that  these  are 
set  up  by  a  'r'  .zing  current  even  in  a  "completely"  narcotized 
nerve,  althou^.  lot  in  a  dead  nerve,  and  this  is  in  accord  with  Sos- 
nowgky's  statement  that  medullated  rabbit  nerves  continue  to  show 
electrotonic  currents  for  several  days  after  they  have  lost  their  ability 
to  conduct  an  impulse. 

The  question  then  arises:  How  does  narcosis  affect  the  changes  in 
irritability  and  conductivity  that  are  brought  about  by  a  polarizing 
current?  And  this  in  turn  raises  two  questions.  What  is  the  nature 
of  electrotonic  changes  in  irritability  and  conductivity  in  the  "par- 
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tially"  narcotized  portion  of  nerve  itself,  that  is,  in  the  region  of  de- 
■  crement?  And,  does  a  "completely"  narcotized  stretch  of  nerve 
block  the  epread  of  the  electrotonic  chai^  in  irritability  and  conduc- 
tivity to  regions  beyond  in  the  same  sense  at  it  blocks  the  spread  of 
the  nerve  impulse?  The  answers  to  these  questions  are  furnished  by 
the  following  experiments. 

Let  us  first  consider  electrotonic  changes  of  conductivity  in  a  region 
of  decrement. 

The  sciatic  nerve  of  a  frog  muscle-nerve  preparation  was  passed 
through  small  holes  in  the  sides  of  a  narcotizing  chamber  (an  ebonite 
chamber,  about  1  cm.  in  diameter)  (fig.  1).  The  holes  were  plugged 
carefully  with  a  thick  past«  of  kaolin  moistened  with  Ringer's  solution. 
By  this  arrangement  the  portion  of  the  nerve  in  the  chamber  was  aep- 


arated  from  the  rest  of  the  nerve,  so  that  it  alone  might  be  exposed  to 
the  action  of  a  narcotic,  e.g.,  ether  fumes.  A  and  B,  both  proximal  to 
the  chamber,  were  non-polarizable  boot  electrodes  of  the  polarizing 
circuit;  A,  the  more  pronmal  electrode,  being  the  anode,  and  B,  the 
more  distal  electrode,  the  cathode.  B  was  placed  in  close  enough 
proximity  to  the  narcotizing  chamber  for  catelectrotonic  changes  to 
spread  from  it  over  the  stretch  of  nerve  contained  within.  At  /,  be- 
tween the  distal  electrode  and  the  narcotizing  chamber,  were  platinum 
electrodes  connected  with  an  inductorium.  The  whole  was  placed 
in  a  moist  chamber.  The  source  of  the  polarizing  current  was  two 
Ordinary  dry  cells  (about  two  volts).  This  strength  of  current  caused 
increased  irritability  at  the  cathode,  as  measured  by  the  minimal 
strength  of  induction  shock  necessary  to  cause  muscular  contraction. 
The  inductorium  was  now  set  so  that  the  stimulus  was  above  the  thresh- 
old. In  the  following  table,  which  is  a  protocol  of  one  of  the  experi- 
ments, R  signifies  muscular  contraction;  r,  no  muscular  contraction;  the 
first  column,  I,  shows  whether  or  not  the  induction  shock  caused  muscu- 


oy  Google 


EFFECT   or  NARCOSIS   ON    ELECTBOTONDS 


lar  contraction  when  applied  in  the  absence  of  the  polarizing  cu^nt; 
column  M  shows  whether  or  not  muscular  contraction  occurred  at  the 
make  of  the  polarizit^  current;  IC  shows  the  result  from  the  induction 
shock  applied  while  the  polarizing  current  was  passii^  through  the 
nerve;  B  shows  the  result  at  the  break  of  the  polarizing  current-  The 
stimuli  were  applied  in  cycles  in  this  order  and  sufficient  time  was  al- 
lowed between  stimuli  for  recovery  in  the  muscle.  The  niuubers  in 
the  table  refer  to  the  successive  cycles  of  stimuli.  At  the  point  marked 
"narcosis  started,"  air  bubbled  through  ether  and  water  was  passed 

TABLE  1 

Narcoxia  applied  to  the  ref/ion  subject  to  catetei 


■ 

- 

■c 

- 

R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

R 
R 

R 
R 

4.  "Partial"  narcoBis  . 

R 

through  the  narcotizing  chamber;  at  the  first  point  marked  "partial 
narcosis,"  the  ether  in  the  chamber  was  replaced  by  air  bubbled  through 
water. 

1,  in  table  1,  shows  that  an  induction  shock  (above  the  threshold) 
called  out  muscular  response,  both  without  and  with  the  polarizing 
current  acting;  it  shows  also  that  muscular  contraction  occurred  both 
at  the  make  and  at  the  break  of  the  polarizing  current.  This  is  the 
condition  normally  found  in  the  nerve,  in  the  case  of  a  moderate  po- 
larizing current,  and  may  be  called  stage  N.  Ether  fumes  were  then 
started  through  the  narcotizing  chamber.    At  3,  all  impulses  failed  to 
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get^through  the  region  of  decrement  Thia  may  be  called  stage  C, 
"complete"  narcosiB.  The  ether  vraa  now  displaced  by  air  saturated 
with  water  vapor.  The  portion  of  the  nerve  in  the  chamber  now  be- 
gan to  regain  its  conductivity.  In  this  stf^e  of  "partial"  narcoaia 
(stage  P),  from  4  to  16  inclusive,  induction  shocks  of  the  same  strength 
as  those  used  in  I,  caused  muscular  contraction  if  applied  in  the  absence 
of  the  poIarTzii^  current,  but  failed  to  do  so  if  applied  while  the  polar- 
izing current  was  pasdng  through  the  nerve.  At  the  same  time  mus- 
cular response  occurred  at  the  make  of  the  polarizing  current  but  not 
at  the  break.  After  still  further  recovery  of  conductivity  (17  and  18), 
the  polarizing  current  failed  to  prevent  muscular  response  to  an  in- 
duction shock;  at  this  time  muscular  contraction  occurred  at  the 
break  of  the  polarizing  current  as  well  as  at  the  make.  Thus  the  nerve 
had  reentered  stage  N.  Ebcperiments  have  shown  that  stage  P,  partial 
narcosis,  may  be  gotten  not  only  when  the  nerve  is  coming  out  of  nar- 
cosis, but  also  when  it  is  going  into  narcosis. 

The  chief  point  brought  out  by  this  experiment  is  that — whereas  in 
the  Qon-narcotized  region  of  the  nerve  catelectrotonus  involves  an  in- 
crease of  conductivity  for  the  impulse — in  the  region  of  the  nerve  under 
partial  narcosis  catelectrotonus  involves  a  decrease  of  conductivity;  tkecon- 
dudivity  change  of  catelectrotonus  thus  becomes  reversed  in  sign  under 
narcosis;  tor,  during  the  stage  called  "partial  narcosis,"  impulses  are 
not  blocked  in  the  region  of  decrement  so  long  as  the  polarizing  current 
is  off — contraction  regularly  following  stimulation,  but  impulses  are 
blocked  at  the  region  of  decrement  during  the  passage  of  the  polarizing 
current,  and  no  muscular  contraction  can  be  obtained.  The  reason 
why  contraction  occurs  at  the  make  but  not  at  the  break  will  be  con- 
sidered later. 

The  effect  of  anelectrotonus  on  conductivity,  in  a  region  of  decre- 
ment, is  shown  by  an  experiment  similar  to  that  above,  but  with  A  the 
cathode  and  B  the  anode  (see  fig.  1).    The  results  are  shown  in  table  2. 

As  in  the  case  of  catelectrotonus,  three  stages  are  seen  as  the  depth 
of  narcosis  increases  towards  "completeness,"  they  are  also  seen  dur- 
ing recovery :  Stage  N :  Before  the  exposure  of  the  nerve  in  the  chamber 
to  ether  fumes,  muscular  contraction  followed  an  induction  shock, 
both  when  the  shock  was  applied  in  the  absence  and  when  it  was  ap- 
pUed  in  the  presence  of  the  polarizing  current  (Z  in  table  2).  Stage  P: 
After  a  certain  degree  of  narcosis  was  reached  (3,  4,  5),  the  induction 
shock  called  out  a  muscular  response  if  applied  in  the  absence  of  a 
polarizing  current  but  failed  to  do  so  if  appHed  during  the  passage 
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of  the  polarizing  curreDt.  At  the  same  time  responae  occurred  at  the 
break  but  not  at  the  make  of  the  polarizing  current;  this  is  the  reverse 
of  what  is  gotten  in  the  corresponding  stage  when  the  cathode  is  nearer 
the  chamber.  Stage  C:  All  impulses  fail  to  get  through.  During 
recovery  the  opposite  sequence  of  stages  was  observed. 

From  this  experiment  it  is  evident  that  anelectrotonus,  like  catelec- 
trotonus,  decreases  conductivity  in  a  region  of  decrement.  As  anelec- 
trotonus normally  decreases  conductivity,  however,  it  is  evident  that 
the  anelectrotonic  conductivity  change,  unlike  that  of  catelectrotonus, 
is  not  reversed  in  sign  under  narcosis;  it  summatea  with  narcosis. 

Nob.  2  and  9  (table  2)  bring  out  a  rather  unexpected  point.  In 
these  cycles  of  stimuli,  muscular  contraction  did  not  occur  at  the  make 

TABLE  1 

Narcims  in  region  eubjeel  to  antUelrotoniu 


. 

- 

« 

B 

R 
R 
R 
R 
R 

R 
R 
R 
R 

R 

R 

R 
R 

R 
R 

R 

R 

R 

of  the  polarizing  current  although  it  did  occur  when  a  stimulus  was 
apphed  during  the  passage  of  the  polarizing  current,  and  it  did  occur 
at  the  break.  Hence  the  decrease  of  conductivity  in  the  region  of  de- 
crement is  greater  immediately  after  closing  the  polarizing  current 
than  it  is  later  on  during  the  passage  of  the  current  or  immediately 
after  the  break. 

We  may  now  consider  why  the  make  and  the  break  of  the  polarizing 
current  do  not  have  the  same  effects.  For  this  purpose  tables  I  and  2 
may  be  put  in  the  form  of  Pfluger's  law  of  stimulation  by  moderate 
ascending  and  descending  currents.  This  is  shown  in  table  3.  It  will 
be  seen  here  that  narcosis  causes  a  modification  of  Pfluger's  law, 
of  such  nature  that,  when  there  is  a  region  of  decrement,  the  elec- 
trotonic  effect  of  a  moderate  current  is  similar  to  the  ordinary  effect 
of  a  very  strong  current. 
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In  the  case  of  the  descending  current,  the  make  Btiraulufi,  arising  at 
the  cathode  B,  arrives  at  the  region  of  decrement  before  cateleetro- 
tonic  decrease  of  conductivity  appears  in  that  region,  so  that  the  im- 
pulse gets  through.  A  longer  interval  of  time  than  that  taken  by  the 
nerve  impulse  in  traveling  from  B  through  the  region  of  decrement 
must  therefore  elapse  before  the  full  catelectrotonic  decrease  of  con- 
ductivity, also  originating  from  B,  appears  in  the  region  of  decrement 
The  break  impulse,  arisiDg  from  the  anode  A,  arrives  at  the  region  of 
decrement  before  the  catelectrotonic  decrease  of  conductivity  disap- 
pears, so  that  the  impulse  is  put  out. 

In  the  case  of  the  ascending  current,  on  the  other  hand,  by  the  time 
the  make  stimulus,  arising  at  the  cathode  A,  arrives  at  the  region  of 
decrement,  anclectrotonic  decrease  of  conductivity,  originating  from 
B,  has  already  appeared  in  that  region,  so  that  the  impulse  is  blocked. 


TABLES 
Pfi'iger'i  lav>  for  moderate  currents,  . 


1  afferted  by 


(raoH  TA 

U.1I) 

(rBOMWBUl) 

Uakt 

Bnak 

M>1» 

Bifk 

Without  A  region  of  de- 
crement  

With   region   of  decre- 

Response 
No  response 

Response 

Response 

Reaponae 
Response 

Response 
No  response 

By  the  time  the  break  impulse,  which  arises  at  the  anode  B,  arrives  at 
the  region  of  decrement,  anelectrotonic  decrease  of  conductivity  has 
disappeared,  and  the  impulse  gets  through. 

An  idea  of  the  time  required  for  the  appearance  of  anelectro tonus  in 
a  distant  extra-polar  region  may  be  gotten  in  the  following  manner. 
In  table  2  it  was  seen  that  the  make  impulse,  starting  at  A  (fig.  1), 
failed  to  get  through  when  the  stretch  of  nerve  in  the  chamber  was 
partially  narcotized.  Now,  if  the  time  interval  which  elapses  before 
the  appearance  of  anelectro tonus  is  greater  than  that  required  for  a 
nerve  impulse  to  travel  from  B  to  the  region  of  decrement,  then  it 
would  be  possible  to  get  muscular  contraction  on  the  make  of  the 
polarizing  current,  as  well  as  on  the  break,  by  bringing  A  sufficiently 
near  B.  In  fact  there  would  be  a  position  for  A  such  that  the  time 
required  for  the  impulse  to  travel  from  that  point  A,  through  the  region 
of  decrement,  is  equal  to  the  time  required  for  anelectrotonus  from  B 
to  appear  in  the  region  of  decrement. 
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In  the  following  experiment  B  was  2  cm.  from  the  narcotizing  chamT 
ber-  After  a  region  of  decrement  was  established  by  narcosis,  muscular 
contraction  occmred  only  at  the  break  of  the  polarizing  current,  until 
.4  was  brought  within  0.5  cm.  of  B,  and  thus  witbiii  2.5  cm.  of  the 
narcotizing  chamber;  now  muscular  contraction  occurred  both  at  the 
make  and  at  the  break  of  the  polarizing  current.  Oc  moving  A  back 
further  from  B,  a  response  occurred  only  at  the  break.  {Five  dry. 
cells  were  used  in  the  polarizing  circuit.)  Approximately  the  same 
results  were  obtained  in  six  other  similar  experiments.  This  shows 
that  the  time  required  for  anelectrotonus  to  appear  2  cm.  from  the 
anode,  in  amounts  sufficient  to  block  an  impulse  in  a  region  of  decre* 
ment  0.5  cm.  long,  is  equal  to  the  time  required  for  the  nerve  impulse' 
to  travel  a  distance  slightly  over  2.5  cm.,  plus  the  refractory  period  of 
the  nerve.  In  estimating  this  time  it  should  be  remembered  that  the 
impulse  has  to  travel  through  an  anelectrotonic  stretch  of  nerve,  in 
which  the  speed  of  conduction  is  considerably  reduced. 

The  time  required  for  the  disappearance  of  anelectrotonus  from  a 
region  of  decrement  is  much  shorter.  This  is  shown  in  experiments 
with  ascending  currents,  in  which  the  anode  was  as  near  the  narcotizing 
chamber  as  0.5  cm.;  during  the  passage  of  the  polarizing  current  the 
anelectrotonic  eEFect  was  sufficient  to  block  the  impulses  in  the  region  of' 
decrement,  yet  at  the  break  a  response  was  obtained — the  anelectro- 
tonus had  disappeared  before  the  impulse  had  traveled  0-5  cm.  It, 
will  be  observed  that  this  is  in  marked  contrast  to  the  result  obtained, 
with  catelectrotonus, — in  that  case,  the  anode  being  at  A,  the  impulse 
started  at  the  break  had  to  travel  a  considerable  distance  (4  cm.) 
before  it  reached  the  narcotized  region;  nevertheless  that  region  was 
stiU  so  affected  by  the  catelectrotonus  that  the  impulse  failed  to  get 
through. 

Further  experiments  showed  that  the  after-effect  of  anelectrotonus 
in  a  region  of  decrement  is  an  increase  in  conductivity-  After  narcosis 
has  progressed  to  such  a  point  that  impulses  from  the  proxhnal  portion 
of  the  nerve  are  blocked  in  the  region  of  decrement  even  when  the 
polarizing  current  is  oft,  nevertheless  they  will  still  go  through  if  they 
arrive  at  the  region  of  decrement  soon  after  the  breaking  of  the  polariz- 
ing current.  In  an  experiment  illustrating  this  effect  the  anode,  which 
was,  as  before,  in  position  B,  was  placed  at  about  1  cm.  from  the  nar- 
cotizing chamber ;  the  cathode  was  placed  4  cm.  from  the  anode.  Ether 
was  passed  through  the  chamber  until  no  response  was  obtained  from 
induction  shocks  applied  between  A  and  B.     The  inductorium  elec- 
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trades  were  then  removed  and  the  galvanic  current  waa  closed ;  no  mus- 
cular response  occurred  on  the*  make.  On  the  break  of  the  polarizing 
ourreot,  however,  muscular  contraction  occurred.  Soon  afterwards 
"complete"  narcosis  made  its  appearance.  Tests  made  during  re- 
coveT7  in  the  narcotized  stretch  gave  the  following:  first,  contraction 
occurred  on  the  break  of  the  galvanic  current,  but  not  from  induction 
«hocks,  nor  on  the  make  of  the  current.  Then  there  was  a  time  during 
which  muBcuIar  response  followed  induction  shock,  aa  well  as  the 
break  of  the  polarizii^  current;  but  no  muscular  response  occurred  at 
the  make.  Finally,  muscular  contraction  occurred  at  the  break  of  the 
poluizing  current,  from  the  induction  shock,  and  at  the  make.  This 
«bowB  conclusively  that  a  portion  of  the  nerve  so  deeply  narcotized  as 
to  block  all  impulses  may  be  made  conductive  as  an  i^ter-effect  of 
onelectrotonus  (i.  e.,  at  the  break  of  the  current).  The  change  from 
decreased  to  increased  conductivity  must  take  place  very  quickly  after 
breaking  the  current. 

The  electrotonic  chaises  in  irritalnlity  during  narcosis  may  next  be 
considered.  Those  which  occur  in  the  case  of  catelectrotonua  will  be 
d6alt  with  first. 

Electrodes  connected  with  an  inductorium  were  placed  inside  the 
narcotizing  chamber  (at  point  /■,  fig-  I),  in  contact  with  the  nerve. 
The  anode  of  the  polarizing  current  was  at  A,  the  cathode  at  B,  bo  that 
the  region  to  be  etherized  might  be  subjected  to  catelectrotonus.  At 
first  the  irritability  of  this  portion  of  the  nerve  was  tested  without  a 
narcotic.  It  was  found  that  with  the  polarizing  current  on,  irritability 
in  this  region  was  increased  as  measured  by  the  strength  of  induction 
shock  necessary  to  cause  muscular  response.  The  inductorium  was 
then  set  at  a  strength  above  the  threshold  necessary  for  stimulation 
while  the  polarizing  current  was  off,  and  air  bubbled  through  ether 
was  now  passed  through  the  narcotizing  chamber. '  As  narcosis  in  the 
region  of  decrement  gradually  progressed,  stimuli  from  the  inductorium 
were  sent  ib  alternately  without  and  with  the  polarizing  current  on. 
A  typical  protocol  was  as  follows: 
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ftefufM  /ro 

TO  alimutation  toilhin  a  parHally  narcolited  region,  subject  to  caUlectro- 
(ontM,  narcotit  proQresaivtly  increating 

roLAunHa  ctfbrbwt  off 

rouuciHa  cobbbhi  oh 

2 
3 
4 

Response 
RcBponse 
Reaponee 

RespoDse 

ReHponse 
Respoase 
No  reaponse 
No  responee 

Stronger  inductioa  shock 


Response 
Response 


Response 
Response 


In  3  and  4  an  induction  shock  applied  during  tbe  passage  of  the  polar- 
izing current  did  not  cause  muscular  contraction,  although  in  the  ab- 
sence of  the  polarizing  current  an  induction  shock  of  the  same  strength 
did  produce  a  muscular  response.  This  might  be  due  to  electrotonic 
decrease  of  either  irritabiUty  or  conductivity;  that  is,  the  stimulus 
may  have  become  subminimal  and  failed  to  start  an  impulse,  or  the 
impulse,  once  started,  may  have  been  blocked.  Nos.  5  and  6  show 
that  the  impulses  were  not  blocked,  for  it  required  merely  a  stroi^r 
stimulus  in  order  to  obtain  a  muscular  response:  irritability,  therefore, 
had  become  decreased  under  catelectrotonus.  Thtts,  under  narcosis, 
not  only  is  the  conductivity  change  of  catelectrotonus  reversed  in  sign, 
but  also  the  irritability  change. 

Similar  experiments  showed  that  anelectrotonus  too  decreases  irri- 
tability in  the  region  of  decrement.  Here  again  we  see  that  the  effects 
on  irritability  run  parallel  with  those  on  conductivity. 

Experiments  were  also  undertaken  to  determine  whether  electro- 
tonuscan  "spread"  from  its  pole  of  origin,  through  a  narcotized  region, 
out  into  a  normal  region  beyond.  For  this  purpose  the  inductorium 
electrodes  were  placed  at  /«  {fig.  1),  on  the  other  (distal)  side  of  the 
narcotizing  chamber  from  the  polarizii^  electrodes  A  and  B.  Table  4 
(a)  shows  the  effect  of  anelectrotonus  from  B  on  irritability  at  the 
point  Is;  table  4  (b)  shows  the  effect  of  catelectrotonus  from  B  on  irri- 
tability at  the  same  point.  In  both  cases  ether  was  the  narcotic  used 
and  the  portion  in  the  chamber  was  "completely"  narcotized,  no 
muscular  contraction  resulting  when  the  polarizing  current  was  opened 
or  closed. 
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It  is  quite  evident  here  that  both  anelectrotonus  and  catelectrotonus 
are  "transmitted"  unchanged  in  nature  through  the  region  under  nar- 
cosis, even  though  in  this  region  itself  they  may  be  reversed  in  sign 
and  although  impulses  in  this  region  are  blocked 

Experiments  using  as  the  narcotic  chloral  hydrate,  magnesium  sul- 
phate, ethyl  alcohol  and  zinc  sulphate  (saturated  solution),  all  gave 
similar  results.  In  many  of  these  experiments  the  region  in  the  nar- 
cotizing chamber  bad  been  so  long  under  narcosis,  and  had  been  sub- 
jected to  such  high  concentrations  of  the  narcotic,  that  it  must  almost 

TABLE  1 

The  ipread  of  eteclrotoniu  through  a  narcoh'tjd  region 
(a)  AoelectrotoDus:  Aoode  at  B  (fie.  1) 


"'^r^zv"^^:^.?r'- 

.r,T^T'o7:^uT:rlSSlr.  . 

1 

2 
3 

4 

Response 
Response 
Response 
Response 
etc. 

No  response 
No  response 

No  response 

(b) 

Catelectrotonua:  Cathode  at  B 

POLAHIITKa  eCBB»tlT  OFF: 

BTiMtn-BB  mm  iNDncromcii 

•""H'fi"-Ff- 

1 
2 
3 
4 

No  response 
No  response 
No  response 
No  response 
etc. 

Response 
Response 
Response 
Response 

certainly  have  been  "dead;"  later,  it  failed  to  recover  from  the  effects 
of  the  narcotic  and  could  not  be  made  to  conduct  an  impulse.  Never- 
theless, electrotonus  was  transmitted  through  these  regions. 

It  should  be  noted,  however,  that  in  one  experiment,  after  soaking 
the  portion  of  the  nerve  in  the  narcotizing  chamber  in  zinc  sulphate 
for  two  hours,  electrotonic  changes  in  irritability  failed  to  spread 
through  to  the  point  of  stimulation,  although  they  did  so  for  quite  a 
time  (thirty  minutes)  after  conductivity  had  been  abolished.  More- 
over, it  was  found  that  if  the  nerve  is  cut,  instead  of  having  a  portion 
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narcotized,  the  ends  being  placed  close  together,  electrotoiiic  changes 
in  irritability  started  in  the  free  piece  of  nerve  do  not  get  into  the 
portion  of  the  nerve  attached  to  the  muscle.  Accordingly  we  must 
conclude  that  the  processes  whereby  electrotonus  spreads  from  the 
polarizing  electrode,  although  not  dependent  upon  properties  peculiar 
to  the  functioning  or  the  living  nerve,  nevertheless  require  some  struc- 
ture or  substances  other  than  the  grosser  physical  and  chemical  char- 
acteristics of  the  nerve. 

The  following  diagram  sums  up  the  electrotonic  changes  occurring 
during'  the  passage  of  the  polarizing  current  in  the  three  portions  of 
the  nerve:  a,  In  the  non-narcotized  proximal  portion  around  the  distal 
polarizing  electrode;  h,  in  the  region  of  decrement;  c,  in  the  non-nar- 
cotized portion  distal  to  the  narcotizing  chamber. 
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ity de- 
creased 

Irritability 
decreased 

Conductiv- 
ity de- 
creased 

Irritability 
increased 

Conductiv- 
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Irritability 
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Irritability 
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Conductiv- 
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1.  Whereas,  in  a  non-narcotized  portion  of  the  nerve,  a  moderate 
polarizing  ciurent  causes  an  increase  of  irritability  near  the  cathode, 
in  a  narcotized  portion  of  the  same  nerve  this  current  causes  a  de- 
crease in  irritability.  The  effect  of  catelectrotonus  on  irritability 
therefore  is  reversed  during  narcosis. 

2.  A  similar  reversal  of  effect  occurs  in  the  case  of  conductivity. 
Catelectrotonus  decreases  conductivity  in  a  partially  narcotized 
region. 

3.  Anelectrotonus  causes  a  decrease  in  irritability  in  a  partially 
narcotized  portion  of  the  nerve,  as  in  the  non-narcotized  nerve.  Thus 
there  is  no  reversal  of  effect  as  in  the  case  of  catelectrotonus. 

4.  Anelectrotonus  similarly  decreases  the  conductivity  in  a  partially 
narcotized   region,    as    in    a    non-narcotized    region.     This    decrease 

■  The  effects  immediately  after  the  make  or  break  of  the  polarising  current 
are  not  shown  hern 
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of  conductivity  is  especially  marked  immediately  after   closing  the 
polarizing  current 

5.  The  time  interval  which  elapses  before  aneleotrotonic  decrease  in 
conductivity  appears  in  a  distant  "partially"  narcotized  F)arfc  of  the 
nerve,  to  such  an  extent  that  the  nerve  impulse  is  put  out,  is  longer 
than  the  time  required  for  a  nerve  impulse  to  travel  the  same  distance; 
thus  an  approximation  of  the  speed  of  anelectrotonus  (in  the  above 
sense)  may  be  arrived  at. 

'6.  Conceming  the  interval  which  elapses  before  catelectrotonus 
causes  sufficient  decrease  in  conductivity  in  a  distant  narcotized  por- 
tion to  block  an  impulse,  all  that  can  be  said  is  that  it  is  longer  than 
the  time  required  for  the  impulse  to  travel  the  same  distance. 

7.  A  block  for  nerve  impulses,  set  up  by  narcotizing  a  portion  of 
the  nerve,  may  be  momentarily  removed  by  the  after-effect  of  anelec- 
trotonus (effect  produced  at  the  anode  immediately  after  turning  off 
the  polarizing  current).  Hence  the  after-effect  of  anelectrotonus  in  a 
narcotized  portion  of  nerve  is  an  increase  of  conductivity;  this  increase 
appears  very  quickly  after  the  breaking  of  the  polarizing  current. 

8.  The  after-effect  of  catelectrotonus  in  the  narcotized  portion  is  a 
decrease  in  conductivity.  ' 

9.  Electrotonic  changes  are  transmitted  from  a  polarizing  electrode 
through  an  intermediate  narcotized  region  to  the  non-narcotized 
stretch  beyond.  This  occurs  when  the  narcosis  is  so  deep  that  all 
impulses  are  blocked  and  even  when  the  Intermediate  region  of  the  nerve 
has  been  killed  by  narcosis.  The  electrotonic  effects  thus  transmitted 
are  of  the  same  sign  in  the  region  beyond  as  they  would  be  in  the  ab- 
sence of  a  block,  although  jn  the  intermediate  region  they  may  be 
changed  in  sign,  as  described  above.  If,  instead  of  narcotizing,  the 
intermediate  portion  of  the  nerve  is  cut  and  the  ends  are  closely  applied 
to  each  other,  electrotonic  changes  in  irritability  do  not  spread  to  the 
neighboring  piece.  Prolonged  exposure  to  concentrated  zinc  sulphate 
also  blocks  the  spread  of  electrotonic  effects. 

For  many  suggestions  and  much  valuable  advice  I  wish  to  express 
my  sincere  thanks  to  Dr.  H.  J.  MuUer  and  to  Dr.  E.  Altenburg. 
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On  account  of  certain  physiological  properties  of  the  heart  muscle, 
it  is  generally  stated  that  it  can  not  be  fatigued.  The  so-called  refrac- 
tory period  is  in  large  part  responsible  for  the  ineffectiveness  of  repeated 
stimuli  to  throw  the  heart  into  tetanus  or  fatigue.  Skeletal  muscles 
differ  from  heart  muscle  in  that  they  very  quickly  show  results  attribu- 
table to  fatigue,  whether  they  are  stimulated  directly,  or  indirectly 
through  their  motor  nerves.  Also,  one  group  of  muscles  may  show 
the  effects  of  fatigue,  even  though  inactive,  if  other  muscles  are  work- 
ing and  dumping  their  fatigue  products  into  the  circulation.  These 
fatigue  products  are  said  to  exert  the  same  effects  upon  a  muscle, 
whether  they  are  produced  in  the  muscle  affected  or  in  some  distant 
muscle.  That  these  products  affect  tissues  other  than  muscle,  e.g., 
nerve  cells,  is  shown  by  the  well  known  sensation  of  weariness  that 
arises  as  a  result  of  fatigue  of  muscles.  The  fact  that  a  working  group 
of  muscles  may,  by  its  fatigue  products  carried  in  the  circulation, 
produce  manifestations  of  fatigue  in  other  groups  of  muscles  not  work- 
ing, suggested  the  question  of  the  heart  muscle  also  being  affected  by 
these  fatigue  products,  and  if  so,  would  the  effects  be  the  same  as  those 
caused  in  other  muscles?  With  this  question  in  mind  it  was  decided 
to  investigate  the  effect  of  skeletal  muscle  fatigue  upon  the  response  of 
the  heart  muscle  to  quantitative  electrical  stimulation,  utilizing  a 
change  in  irritability  of  the  heart  muscle  as  an  index  of  the  effect  of 
fatigue. 

In  a  previous  paper  (1)  was  suggested  the"  method  of  using  a  varia- 
tion in  a  body  constant  as  an  index  of  the  effects  of  physiological  or 
pharmacological  agents  upon  the  heart  or  upon  the  skeletal  muscles. 
The  cardio-skeletal  quotient  was  defined  as  a  body  constant  which 
represents  the  relationship  existing  between  the  strength  of  stimulus 
necessary  to  arouse  skeletal  muscle  (gastrocnemius)  to  contraction, 
13 
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and  the  stimutua  necessary  to  arouse  heart  muscle  to  contraction.  In 
the  work  referred  to  above  it  was  found  that  it  takes  approximately 
six  times  as  strong  a  stimulus  to  make  the  frog's  ventricle  contract  as 
it  does  to  make  its  gastrocnemius  contract.  The  figure  found  to 
express  the  cardio^keletal  quotient  in  those  experiments  is  0.17. 
In  the  control  series  of  animals  in  the  present  investigation  the  cardio- 
skeletal  quotient  coincided  exactly  with  tiie  above  figure. 
Since  the  effects  of  fatigue  on  the  heart  were  to  be  studied,  it  was 
'  desirable  that  in  determining  the  cardio-skeletal  quotient,  one  gastroc- 
nemius be  kept  as  nearly  normal  as  possible.  Following  is  the  method 
used  in  this  investigation.  Frogs  were  used.  First  the  brain  was 
pithed,  then  the  left  teg  was  ligated  close  to  the  body.  The  skin  below 
the  ligature  was  aUt  and  a  circular  incision  made  which  cut  all  the 
tissues  down  to  the  bone.  This  was  done  in  order  to  prevent  any 
impulses  passing  under  the  hgature  and  thereby  producing  changes  in 
the  gastrocnemius  muscle  which  was  used  as  a  control.  The  fatiguing 
process  was  next  perfonned.  This  conmsted  in  alternately  stimulat- 
ing the  stump  of  the  spinal  cord  and  the  muscles  through  the  skin 
until  the  muscles  failed  to  respond  to  stimulation  through  the  cord. 
The  cord  was  then  pithed,  and  if  extreme  fatigue  was  desired,  the 
muscles  were  stimulated  through  the  skin  until  the  responses  were  very 
feeble.  In  some  instances  where  a  more  nonnal  degree  of  fatigue  was 
desired,  the  left  leg  was  ligated  first  and  after  waiting  a  few  minutes 
until  pressure  anesthesia  of  the  leg  had  developed,  the  circular  incision 
was  made  to  the  bone.  The  animal  exhibited  no  signs  of  pain  during 
this  pnwedure.  The  frog  was  then  induced  to  fatigue  itself.  This 
was  done  by  placing  the  frog  on  its  ha^k,  from  which  position  it  was 
rather  difficult  for  it  to  recover  because  of  the  loss  of  function  in  one 
leg.  It  was  found  that  this  process  could  be  carried  on  only  for  a 
short  time,  when  the  frog  apparently  would  rather  lie  on  his  back  and 
rest  than  turn  over;  so  light  electrical  stimulation  was  then  apphed  to 
the  skin.  This  would  arouse  the  frog  to  an  effort  of  trying  to  escape. 
When  this  had  been  continued  for  some  time  and  the  frog  showed 
signs  of  marked  fatigue,  the  brain  and  cord  were  pithed.  The  heart 
was  then  exposed  and  prepared  in  the  same  manner  as  described  in  a 
previous  paper  (2).  The  threshold  for  the  ventricle  was  determined 
immediately  after  introducing  the  electrodes  and  every  five  minutes 
thereafter  for  a  period  of  twenty  minutes;  the  threshold  was  then 
determined  for  the  gastrocnemius  immediately  after  introducing  the 
electrodes  and  every  five  minutes  thereafter  for  a  period  of  twenty 
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minutes.  In  the  experiments  in  the  previous  series  it  was  found  that 
tile  irritability  of  the  ventricle  and  of  the  gastrocnemius  become  ffurly 
constant  after  the  kpse  of  fifteen  minutes,  and  twenty  minutes  was  the 
interval  at  which  the  cardio-skeletat  quotient  was  estimated.  In  the 
present  series  several  observations  were  made  extending  over  a  period 
of  forty-five  minutes  to  an  hour. 

Since  in  the  present  series  one  gastrocnemius  was  maintained  in  a 
normal  condition  (i.e.,  unfaUgued),  a  few  considerations  should  first 
be  stated  in  regard  to  changes  in  the  cardio-skeletal  quotient  under 
the  conditions  adopted.  It  is  obvious  that,  the  gastrocnemius  remain- 
ing constant,  any  variation  in  the  cardio-skeletal  quotient  must  be  the 
result  of  changes  in  irritability  of  the  heart  muscle.  Hence  a  decrease 
in  the  cardio-skeletal  quotient  (i.e.,  from  0.17  to  0.12)  must  indicate 
a  decrease  in  irritability  of  the  heart  muscle.  The  Z  units  are  recipro-  . 
cally  related  to  the  irritability  of  the  muscle,  thus,  a  decrease  in  irrit- 
ability requires  an  increase  in  Z  units  necessary  to  arouse  contraction. 
Conversely,  it  may  be  stated  that  if  the  gastrocnemius  remains  con- 
stant, an  increase  in  the  cardio-skeletal  quotient  indicates  an  increase 
in  tiie  irritability  of  tiie  heart  muscle  or  a  decrease  in  the  Z  units  neces- 
sary to  arouse  contraction.  In  otiier  words,  the  plotted  curve  of  the 
cardio-skeletal  quotient  will  parallel  the  curve  of  irritability  of  the 
heart  provided  the  gastrocnemius  is  kept  constant.  The  Martin 
method  of  quantitative  stimulation  was  used  (3).  Since  the  previous 
investigation  showed  that  the  results  obtained  by  the  Z  units  corre- 
sponded with  the  results  obtained  by  the  P  units,  the  latter  were  not 
estimated  in  this  series.  A  number  of  control  experiments  equal  to 
the  number  of  fatigue  experiments  were  made. 

In  table  1  are  shown  the  results  obtained  in  the  control  animals. 
In  the  first  two  columns  are  shown  tiie  threshold,  in  Z  units,  of  the 
ventricle  immediately  after  introduction  of  the  electrodes,  also  the 
corresponding  cardio-sketetal  quotient  (C.  S.  Q.).  In  the  succeeding 
columns  are  shown  corresponding  results  at  five-minute  intervals. 
Table  2  shows  the  results  of  a  similar  procedure  in  fatigued  animals. 
It  will  be  noted  that  the  average  cardio-skeletal  quotient  in  the  control 
animals  is  the  same  (0.17)  as  was  found  in  the  series  reported  previ- 
ously. This  was  estimated  after  the  lapse  of  twenty  minutes,  as  in 
the  preceding  series.  The  average  cardio-skeletal  quotient  in  fatigued 
animals  is  0.22.  Evidently  the  irritability  of  the  heart  is  increased  as 
B  result  of  fatigue,  if  the  cardio-akcletal  quotient  is  estimated  at  the 
end  of  twenty  minutes.     The  average  threshold  of  the  ventricles  of 
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the  fatigued  animale,  compared  with  the  average  threshold  of  the 
ventricles  of  the  control  frc^  shows  an  increase  of  irritability  amount 
ing  to  54.5  Z  units  or  24.7  per  cent.  Expressed  in  terms  of  the  cardio- 
skeletal  quotient,  the  irritability  has  increased  from  0.17  to  0.22,  a 
difference  of  0.05  or  29.4  per  cent.  It  may  be  that  this  is  too  high  a 
per  cent;  thus  it  has  already  been  shown  (4)  that  the  cardio-ekeletal 
quotient  is  reliable  in  estimating  the  probable  Z  units  of  the  heart, 
provided  a  series  is  used,  thereby  obtaining  an  aven^^.    Since  the 
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cardio-ekeletal  quotient,  0.17,  in  this  series  of  control  animals,  also 
in  the  previous  investigation,  represented  a  normal  condition,  it  might 
well  be  inferred  that  it  represents  the  cardio-skeletal  quotient  in  theee 
animals  before  they  were  fatigued.     On  this  basis  the  Z  units  of  the 

ventricles  in  the  fatigued  frogs  were  estimated  from  the  gastrocaemius 
Z  units,  using  tlie  cardio-skeletal  quotient,  0.17.  In  these  fatigued 
animals  the  gastrocnemius  was  kept  normal,  i.e.,  did  not  take  part  in 
the  fatigue  process.     The  results  of  the  estimations  show  the  average 
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Z  unit  for  the  ventricle  (nonmJly)  would  have  been  106.0  uutead  of 
220.0  as  shown  by  the  control  frogs.  As  actually  detennined  in  the 
fatigued  condition  the  thiesfaold  was  18S.8  Z  units.  Thus  instead  of 
the  rise  in  irritability  amounting  to  64.5  Z  units,  it  amounts  to  30.2 
or  15.4  per  cent.  However,  the  change  as  expressed  by  the  cardio- 
ikekftal  quotient  pOTcentage  probably  is  not  too  hi^  when  it  is  realised 
that  a  change  in  the  quotient  of  only  about  5  per  cent  reeuhs  in  a 
coneqxmding  change  in  ventricular  Z  units  of  ova-  16  per  cent.    In 
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mNnwR 

— 

.-.»T- 

10«««- 

1.—™ 

««m,™. 

mOBB 

z. 

CAQ. 

z. 

CAQ. 

Z. 

0.8.0. 

z. 

0.8.0. 

z. 

CJ.Q. 

11 

212.fi 

0.06 

171.6 

0.07 

181.8 

0.06 

220.6 

0.05 

238.8 

0.06 

12 

196.6 

O.ll 

166.6 

0.16 

176.6 

0.16 

181.8 

0.13 

178.6 

0.13 

13 

266.9 

0.09 

142.1 

0.20 

142.1 

0.22 

161.8 

0.21 

142.1 

0.23 

U 

265.9 

0.13 

ISO.  6 

0.22 

171.5 

0.21 

176.5 

0.21 

112.8 

0.41 

IS 

344.0 

0.03 

176.6 

0.07 

123.0 

0.10 

134.6 

0.09 

123.0 

O.IO 

Ifl 

332.8 

0.07 

151.8 

0.20 

130.0 

0.24 

126.8 

0.24 

123.0 

0.28 

17 

412.6 

0.04 

171.6 

0.13 

178.6 

0.13 

106.6 

0.15 

166. 8 

0.16 

18 

196.6 

0.22 

238.0 

0.18 

228.2 

0.21 

106.6 

0.28 

101.2 

0.66 

1« 

176.5 

0.21 

161.  S 

0.30 

171.6 

0.29 

142.1 

0.36 

126.8 

0.39 

20 

246.5 

0.09 

310.1 

O.OS 

171.5 

0.16 

203.8 

0.12 

161.8 

0.1« 

21 

176.6 

0.08 

228.2 

0.09 

265.9 

0.11 

228.2 

0.14 

228.2 

0.15 

23 

171.6 

0.19 

238.0 

0.16 

171.6 

0.23 

220.6 

0.19 

246.6 

0.17 

33 

366.1 

0.03 

287.9 

0.06 

266.9 

0.05 

186.5 

0.09 

166.6 

0.09 

36 

166.6 

0.16 

246.5 

0.15 

310.1 

0.14 

266.9 

0.22 

188.0 

0.31 

37 

299.2 

0.09 

171.6 

0.18 

116.7 

0.26 

109.2 

0.27 

108.6 

0.27 

38 

608.0 

0.04 

366.6 

0.08 

332.8 

0.12 

310.1 

0.18 

265.9 

0.18 

ATBTBge... 

269.6 

0.10 

209.6 

0.14 

196.2 

0.16 

188.8 

0.18 

166.8 

0.22 

order  to  test  further  the  validity  of  the  cardio-ekeletal  quotient  in 
pnnVing  such  estimations  with  a  series  of  animals,  the  control  animals 
in  this  investigation  were'  used  and  the  Z  units  of  the  ventricles  were 
estimated  from  the  gastrocnemius  Z  units,  usii^  the  cardio-ekeletal 
quotient,  0.17.  The  average  of  the  Z  units  of  the  ventricles  found  iji 
these  estimations  was  226.2.  Looking  then  at  the  actual  detennina- 
tiona  the  average  was  found  to  be  220.3,  a  difference  of  only  4,0  Z 
units  or  2.2  per  cent. 
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The  increase  in  irritability  of  the  heart  aa  shown  by  the  cardio- 
Bkeletal  quotient  estimated  at  twenty  minutes  after  fatigue  does  not 
appear  very  great,  but  that  it  is  definite  is  revealed  by  a  more  extended 
amdysis  of  the  cardio-ekeletal  quotient  from  the  mnnent  the  electrodes 
were  introduced.  In  the  control  animals  the  cardio-akeletal  quotient 
at  0  and  at  five  minute  intervals  thereafter  was  as  follows:  0.12,  0.19, 
0.18,  ai7,  0.17;  in  the  fatigued  animak  it  waa:  .0.10,  0.14,  0.16,  0.18, 
0.22.  In  experimuit  51  where  the  cardio^keletal  quotient  was 
estimated  for  a  longer  period  it  was:  0.13,  0.12,  0.10,  0.18,  0.19,  0.23, 
0.26,  0.28,  0.30,  0.34.  Further  evidence  of  this  tendency  of  the  cardio- 
akeletal  quotient  to  rise  in  fatigued  animals  is  shown  by  the  average 

MM. 


Mm.  5 

Fig.  1.  Showing  rel&tive  irritAbilitjr  of  the  heart  in  aormal  frogs  (oucres 
i>  iand £),  and  in  fatigued  frogs  (curvei  Band  C). 

obtained  in  a  series  of  frogs  which  were  moderately  fatigued,  or  rather 
tlie  fatiguing  process. was  only  carried  to  theex;teDt  which  the  animal 
could  volvintarily  produce.  In  this  series  the  cardio-ekeletal  quotients 
were  as  follows:  at  twenty  minutes,  0.20;  at  forty  minutes,  0.36;  at 
one  hour,  0.48.  This  tendency  is  shown  graphically  in  figure  1.  In 
plotting  the  curves  of  irritabihty  in  those  experiments  where  the  obsei^ 
vations  were  carried  on  for  more  than  twenty  minutes,  the  Z  units 
were  used  in  place  of  the  cardio-ekeletal  quotient.  Curve  C  shows  the 
average  cardio-ekeletal  quotient  in  the  fatigued  animals.  The  ordi- 
nates,  designated  at  the  left  of  the  %ure,  represent  the  units  of  the 
oardio-skeletal  quotient;  the  abscissas,  designated  at  the  top  of  the 
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figure,  represent  the  time  intervals.  Curve  D  ahowa  the  cardio-eke'etal 
quotient  in  the  control  animals.  At  A  are  plotted  the  curves  of  irri- 
tability of  the  gastrocnemii  of  the  control  (interrupted  line)  and  the 
fatigued  animak.  The  time  intervals  correspond  to  those  of  curves 
C  and  D.  The  ordinates,  indicated  at  the  right  of  the  figure;  represent 
the  strength  of  stimulus  in  Z  units.  Curve  B  shows  the  irritability  of 
the  heart  in  experiment  46,  a  fatigued  frog;  curve  E  shows  the  irri- 
tability of  the  heart  in  experiment  48,  a  non-fatigued  frog.  The  time 
intervals  are  designated  at  the  bottom  of  the  figure,  the  strength  of 
stimulus  in  Z  units  is  indicated  at  the  right  of  the  figure.  These  two 
curves,  B  and  E,  show  practically  the  same  result  aa  does  a  composite 
curve  of  all  the  experiments  but  were  chosen  not  only  for  that  reason 
but  because  the  initial  stimulus  of  each  happened  to  be  the  same, 
238.0  Z  units.  Their  curves  may  be  taken  as  representative  of  the 
curve  of  irritability  of  the  heart  in  moderately  fatigued  and  in  non- 
fatigued  frogs.  The  irritability  of  the  hearts  in  the  fatigued  animals, 
as  shown  in  this  series,  is  first  low,  then  increases  to  normal  and  rises 
above  nonnal.  In  animals  where  observations  were  carried  on  for  a 
longer  period  than  twenty  minutes,  the  increase  in  irritability  con- 
tinued at  least  for  an  hour.  In  the  control  animals  the  irritability  is 
at  first  low,  rises  above  nonnal  and  then  returns  to  nonnal  where  it 
remains  for  an  hour  or  longer. 

In  order  to  see  if  this  rise  of  irritability  was  simply  due  to  excessive 
fatigue,  a  series  of  ei^t  experiments  was  performed  in  which  fatigue 
was  produced  that  was  not  greater  than  the  animal  was  capable  of 
producii^c  voluntarily.  The  cardio«keletal  quotients  have  been  given 
above.  Usually  these  experiments  showed  not  so  much  depreauoo  of 
irritability  at  the  b^inning  but  rather  an  initial  high  irritabiUty  which 
became  still  greater  as  time  went  on.  Experiment  46  ahowa  in  figure 
I  at  S  is  representative  of  this  kind  of  an  experiment. 

All  the  data  agree  that  the  introduction  of  the  electrodes  into  the 
heart  muscle  must  produce  at  first  a  depression  of  irritability,  since 
in  both  control  and  fatigued  animals  the  curve  of  irritability  rises 
diuing  the  first  five  minutes.  In  the  normal  animal  it  sinks  back  to  a 
point  which  may  be  maintained  for  an  hour  or  longer.  In  the  fatigued 
animal  it  continues  to  rise.  In  other  words,  fatigue  aeema  to  cause 
the  threshold  of  the  heart  to  become  more  nearly  the  magnitude  of 
that  of  a  normal  skeletal  muscle.  Thus  in  experiment  6,  after  an 
interval  of  twenty  minutes  it  required  only  t)ne  and  a  half  times  as 
strong  a  stimulus  to  make  the  ventricle  contract  as  it  did  to  make  the 
normal  unfatigued  gastrocnonius  contract. 
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A  further  contrast  was  noted  in  the  behavior  of  the  normal  hearts 
and  those  in  the  fatigued  animals.  In  the  former  the  heart  would 
occaaonally  begin  to  beat  apontaneoufily  during  the  first  five  or  ten 
minutes  (^  the  experiment,  it  would  continue  for  a  few  minutee  and 
then  remain  quiescent  indefinitely.  The  fatigued  hearts  never  showed 
this  peculiarity  during  the  first  few  minutee,  but  later  when  irritability, 
as  Aawn  by  the  strength  of  stimulus,  had  risen,  it  was  not  uncanmoo 
for  it  to  start  beating.  The  experiments  in  which  spontaneous  beat- 
ing occurred  were  discarded. 

The  evidence  obtained  shows  that  the  heart,  like  other  tissues  of  the 
body,  is  affected  Iqr  fatigue  products.  Unlike  skeletal  muscle,  its 
irritalnlify  is  increased  rather  than  decreased.  In  l^e  presence  of 
large  amounts  of  fatigue  products  the  heart  may  also  e^ow  a  depres- 
non  of  iiritaliHhty.  This  is  indicated  by  the  fact  that  the  curve  of 
the  cardio-skeletal  quotient  in  the  extremely  fatted  ftnipmlH  begins 
at  a  lower  point  than  does  that  of  the  normal  animals  and  does  not 
reach  the  curve  ttf  the  normal  animals  for  about  fifteen  minutes.  Tbe 
curve  indicates  that  when  the  amount  of  fatigue  products  is  reduced 
to  a  certfun  pdnt,  then  the  influence  is  one  of  stimulation  rather  than 
depresnon.  This  is  probably  the  condition  in  ordinary  fatigue,  as  is 
shown  at  if  in  figure  1.  Here  the  fatigue  products  could  not  have 
been  so  enormous  as  in  curve  C  where  the  fatiguing  was  carried  beyond 
the  point  irtiere  an  animal  could  produce  it  -nduntarily.  In  experi- 
ment 46  the  animal  did  its  own  fatiguing,  and  it  is  noted  that  only  its 
initial  stimulus  was  as  low  as  that  in  a  normal  heart;  for  a  period  of  an 
hour  it  was  considerably  hi^er  than  the  nonnal.  This  was  true  of  all 
the  experiments  where  the  fatigue  produced  was  of  this  moderate  char- 
acter. It  is  altf^ether  probable  that  it  is  impossible  for  an  animal 
to  so  fatigue  itself  that  the  resulting  fatigue  products  would  be  present 
in  sufficient  quantities  to  reduce  the  irritability  of  the  heart  muscle. 
In  moderate  work  it  is  conceivable  that  the  increase  in  irritability  of 
the  heart  has  an  adaptive  purpose;  thus  with  increased  activity  of  the 
skeletal  muscles,  the  heart  muscle  is  influenced  by  the  increase  in 
fatigue  products  in  the  circulation  and  more  readily  responds  to  stimu- 
lation. Electrical  measurements  show  this  is  true.  Whether  or  not 
its  response  to  chemical  stimuU  is  also  increased  as  a  result  of  fatigue 
was  not  studied  in  this  series.  The  continuation  of  the  rapid  beating 
of  the  heart  following  exercise  may  in  part  be  explained  by  its  increase 
of  irritability  due  to  the"  presence  of  fatigue  products.  It  is  also  con- 
ceivable that  continued  fatigue  as  in  overwork  may  give  rise  to  car- 
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diAc  disturbances  that  are  the  result  of  increased  irritability  of  the 
heart  muscle. 
The  evidence  obtained  seems  to  justify  the  following  conctusions: 

1.  The  heart,  like  other  tissues  of  the  body,  is  affected  by  the  prod- 
ucts of  fatigue. 

2.  Extreme  fatigue,  i.e.,  carried  to  a  point  impossible  of  attainment 
t^  voluntary  efforts,  causes  a  depression  of  the  electrical  irritability 
of  the  heart,  followed  by  a  rise  of  irritability  which  may  continue  for 
some  time. 

3.  Moderate  fatigue,  i.e.,  carried  to  a  point  possible  of  attainment 
by  voluntary  efforts,  causes  a  marked  rise  in  the  irritability  of  the 
heart  muscle. 
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Iq  most  of  the  experiments  the  classical  method  of  producii^  experi- 
mental shock,  exposure  with  or  without  manipulatioo  of  the  intestines, 
was  adopted.  "  ManipulatioD"  in  our  experiments  induded  displace- 
ment, handlii^,  pinching  firmly  between  the  fingers  and  thumb, 
flicking  with  the  fingers,  tapping  with  such  objects  as  the  handle  of 
a  scalpel,  etc.  Compression  of  the  inferior  vena  cava  till  a  cmiditioo 
ol  permanently  low  blood  pressure  was  induced  was  also  employedisinoe 
this  method  has  been  extensively  used  of  late  in  the  study  of  shock. 
We  do  not,  however,  consider  tiiis  the  most  suitable  method  when  the 
behavior  of  the  adrenal  is  to  be  studied  because  of  the  possibility  thaX 
s  m(»e  or  less  prolonged  poiod  of  passive  congestion  of  the  t^axid  may 
be  a  disturbing  factor.  In  one  or  two  experiments  a  state  of  continued 
low  blood  pressure  was  induced  by  honorrbage  and  in  one  eiqieriment 
by  the  injection  of  "peptone."  It  is  not  to  be  imagined  that  exactly 
the  same  physiologicai  changes  are  brought  about  when  the  blood  pres- 
sure is  permanently  lowered  in  all  these  different  ways.  On  the  con- 
trary, the  condition  produced  by  peptone  injection  obviously  diftra3 
in  important  features  from  the  condition  whidi  follows  copious  hemor- 
rhage and  this  from  the  condition  or  conditions  produced  by  the  ex- 
posure  of  the  intestines  or  partial  occlusion  of  the  cava,  which  are 
perhaps  more  properly  termed  experimental  shock. 

It  was  in  order  to  increase  the  chance  of  finding  a  procedure  which 
would  grossly  alter  the  rate  of  output  of  epinephrin  that  so  many  and 

'  About  six  months  ago  I  was  aaked  to  become  a  member  of  the  Sub-Com- 
mittee on  Shock  (Medical  DivistOD  of  the  National  Research  Council),  the  work 
more  particularly  assigned  being  an  investigation  of  the  output  of  epinephrin  in 
that  condition.  The  investigation  has  been  made  jointly  by  Doctor  RogoS  and 
myself.  A  report  summarizing  the  results  presented  in  this  paper  was  sent  to  the 
Committee  September  28, 1918— G.  N.  S. 
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8Uch  different  metiiods  were  employed.  It  is  all  the  more  notable  thflt 
in  none  of  the  experiments  was  any  evidrace  obtained  that  the  rate  of 
output  was  sensibly  modified  as  compared  with  the  initial  rate.  This 
result  constitutes  a  new  and  striking  illustration  of  the  fact  dwelt  upon 
in  previous  papers  (I)  that  the  output  of  epinephrin  is  relatively  stable 
and  not  easily  influenced  experimentally.* 

The  range  of  epinephrin  output  per  kilogram  per  minute  is,  aS  db- 
tennined  by  us,  surprisingly  narrow,  not  only  in  animals  of  the  sune 
species  but  in  different  groups.  We  have  had  the  opportunity  of  de- 
termioiiig  &.e  output  in  a  baboon,  weighing  2.51  kgm.  It  worked  out 
at  0.0002  n^jm.  per  kgm.  per  minute.  The  average  found  by  us  in 
cats,  as  aseayed  by  intestine  aod  uterus  segmeots,  is  0.O0026  mgmt 
per  kgm,  per  minute,  and  it  is  not  vwy  different  in  the  do^  examinedi 
Statements  in  the  litraature  (6)  to  the  effect  that  iti  ^ock  conditions 
the  output  is  much  increased,  even  ittaiay  be  to  more  thui  thirty-two 
times  the  initial  output,  are  based  upon  faulty  experimentation^  -the 
method  of  Irio-aasay  sAopted  not  being  properly  applied.  The  trat^gs 
accompanying  the  pap^  cited  do  not  indicate  in  what  manner  the -test 
objects  (rabbit  intestine  "stripe,"  meaning  probably  segment?)  were 
subjected  to  the  action  of  the  bloods.  No  quantitative  estimations  of 
the  amount  of  epinephrin  liberated  per  unit  of  time  either  before'or 
after  shook  was  induced  are  ^ven.  IXot  is  thtve  any  statement-of  ihe 
ooncentratims  of  epinephrin  in  the  blood  from  which  such  eetimatioA 
could  be  made.  We  are  unable  to  follow  the  staton^t  that  shock  can 
be  induced  without  any  lowering  of  blood  pressure  and  "that  in  oaseti 

■  The  Tact  that  tbe  output  of  epinephrin  per  minute  remune  practic&lty  the 
■ame  with  very  different  rates  of  blood  flow  through  the  glknd  is  of  Itself  sofEoient 
to  inralidate  the  contention  of  Fopielski  (3)  against  the  existence  of  secretoiT 
nerves  for  the  adrenob.  '  He  ueerts  that  the  result  of  stimulation  of  the  splaacb- 
nios  on  the  liberation  of  epinephrin  is  merely  due  to  waahtng  out  already  accumu- 
lated epinephrin  through  the  increased  blood  flow.  Since  we  have  showa  that 
increaaed  output  does  not  as  a  matter  of  fact  accompany  increased  blood  flow,  this 
argument  falls  to  the  ground.  It  is  astoniehiag  that  it  should  ever  have  been  put 
forward.  The  complete  abolition  of  the  output  of  epinephrin  by  section  of  the 
nerves  of  the  gtand  ts  certainly  not  accompanied  by  any  marked  diminution 
in  the  blood  flow.  We'have  not  noticed  that  it  is  materially  altered.  And  Bur- 
tOB-Opita  and  Edwards  (3)  saw  no  definite  increase  in  the  adrenal  blood  flow  dur- 
ing stimulation  of  tbe  peripheral  end  of  the  eplanchnio  when  a  change  of  general 
arterial  pressure  waa  prevented.  Popielsld's  atatement  that  manipulation  of  tlie 
adrenal  does  not  liberate  epinephrin  unless  the  gland  is  afterwards  flushed  out 
with  blood,  as  by  stimulating  the  splonchnics,  is  manifestly  erroneous,  as  abun- 
dantly demonstrated  in  our  own  work  (4),  (5). 
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of  shock  accompanied  by  higb  blood  pressure,  the  blood  contains  rela- 
tively a  large  amount  of  epinephiin."  Scone  writes  have  asserted  that 
in  shock  the  store  of  epinepfarin  in  the  suprarenals  is  diminiahed.  Apart 
from  the  fact  that  the  methods  used  for  the  assay  have  ordinarily  be^t 
inadequate,  and  that  account  has  not  been  taken  of  the  effect  of  anes- 
thetics upon  the  store,  there  is  no  necessary  relation  between  dimin> 
ished  store  and  increased  output,  as  we  have  more  ttum  once  pointed 
out  (7). 

'  A  few  of  the  protocols  and  some  of  liie  tracings  used  for  the  epi- 
nephriQ  assay  in  our  experiments  follow.  The  epinephrin  was  assayed  by 
the  method  introduced  by  one  of  xm  (rabbit  intestine  segments)  (8). 
In  most  cases  the  rabbit  uterus  segment  was  also  empl<^ed  to  cor- 
roborate and  sometimefi  to  render  more  delicate  the  assay  made  on  the 
intestine.  As  we  have  pomted  out  m  previous  papers,  it  is  essential  in 
ordw  to  obtain  the  best  results  from  these  metiiods  of  bio-anay,  that 
numerous  tests  should  be  made  with  each  blood.  As  a  general  rule  it 
is  advantageous  to  approximate  to  the  epinephrin  concentratdon  in  the 
blood  specimen  by-  determining  a  concentration  of  adrenalin  which  is 
definitely  greater  and  one  which  is  definitdy  less;  then  narrowing  the 
interval  between  the  higher  and -tower  concMitrations  by  a  sufiBcient 
number  of  observations.  It  is  then  not  difficult  to  obtain  a  concentre 
tion  of  adrenalin  which  gives  a  tracing  approximately  the  same  as 
that  of  the  blood.  Itiis,  however,  is  not  always  necessary  in  wder  to 
malce  a  sufficiently  close  assay,  if  tiie  hi|^  and  lower  conoentrati(H» 
are  not  too  far  a^Mirt. 

Condetued  prolaeol 
Dog9.    Male.    Weight 6.6 kEm. 
9.30  a.m.    60  mgm  morpfaine  hTpoderadcaU]' 
10.45  a.m.    Etheriied.    Put  cuinulM  in  trachea,  oarotid  and  jugular.    Obtained 

Bpeoimen  of  indifferent  blood  from  jugular 
11.06  to  11.30  a.m.    Made  cava  pocket,'  tying  abdominal  aorta  near  the  bifure^ 

tion 

■  Id  all  of  the  experiments  the  cava  pocket  was  made  in  a  simiUr  nuuuter. 
The  renal  veaseb  and  all  veins  entering  the  segment  of  cava  between  the  liver 
and  the  point  of  insertion  of  the  cannula  were  tied,  leaving  a  pouch  into  whieh 
only  the  adrenal  veins  entered.  The  abdominal  aorta  was  tied  near  the  btfurea- 
tion.  The  cannula  was  inserted  into  the  lower  end  of  the  cava  and  alter 
pressing  the  blood  out  of  the  segment  of  cava  the  pocket  was  completed  1^  a 
olamp,  just  beneath  the  liver  immediately  before  eoUeetion  of  adrenal  blood. 
After  collecting  each  pair  of  speeimena  a  fresh  cannula  was  inserted  into  the 
pocket. 
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11.30  m.m.    Arterial  blood  pressure  90  nun.  of  mercury.    Now  collected  adreattl 
veia  blood  from  the  pocket 
let  Bpecitnea  4.75  grams  in  30  seconds  (9.6  grams  per  minute) 
2nd  specimen  9.6  grams  ia  60  seconds  (9.6  grams  per  minute) 
11.35  am.    Exposed  inteatinea,  with  occasional  manipulation 
12.30  p.m.    Blood  pressure  68  mm.  of  mercury 
12.32  p.m.    Collected  adrenal  blood  from  pocket 

3rd  specimen,  2.35  grams  in  30  seconds  (4.7  grams  per  minute) 
4tli  specimen,  7.3  grams  in  90  seconds  (4.7  grams  per  minute) 
12.40  p.m.    Replaced  intestines  in  abdomen  and  fastened  abdomen 
12.45  p.m.    Blood  pressure  70  mm.  of  mercury 

1.10  p.m.    Blood  pressure  SO  mm.  of  mercury.    Again  exposed  intestines 
1.25  p.m.    Blood  pressure  60  mm.  of  mercury 
1.45  p.m.    Blood  pressure  55  mm.  of  mercury 
1.50  p.m.    Collected  adrenal  blood  from  pocket 

5th  specimen,  2,3  {pams  in  60  seconds  (2.3  grams  per  minute) 
6th  specimen,  6.8  grams  in  ISO  seconds  (2.3  graog  per  minute) 
Combined  weight  of  adrenals,  D.84S  gram. 

The  epinephrin  assay  was  made  on  the  liiu,  4th  and  6th  adrenal 
blood  specimens.  As  in  all  this  work,  a  specimen  was  collected  immedi- 
ately before  each  of  these  (Ist,  3rd  and  6th),  so  as  to  wash  the  cava 
segment  c<Hnpletely  free  from  any  blood  entering  it  during  the  man^>u- 
lation  connected  with  the  clipping  off  of  the  pocket.  The  flow  was 
not  interrupted  at  all  between  the  collection  of  the  1st  and  2nd,  3rd 
and  4th  or  5th  and  6th  specimens.  After  each  pair  of  specimens  had 
been  obtained  a  fresh  cannula  was  inserted  into  the  cava  so  as  to  be 
ready  for  the  next  collection.  In  figures  1  to  6  are  reproduced  some 
of  the  tracings  used  for  the  assay.  Those  of  the  6th  specimen  are  given 
more  completely  than  the  others  so  as  to  illustrate  once  for  all  the 
mamier  in  which  the  concentration  of  epmephrin  in  the  blood  is 
approximated  to. 

Figure  1  shows  that  the  2nd  specimen,  collected  before  the  induction 
of  shock,  is  notably  weaker  than  the  4th,  collected  one  hour  after  ex- 
posure'of  the  intestines  with  a  blood  pressure  of  68  mm.,  and  that  the 
4th  specimen  is  weaker  than  the  6th,  collected  two  and  one-quarter 
hours  after  exposure  of  the  intestines,  with  a  blood  pressure  of  55  mm. 
or  less.  This  figure  is  reproduced  to  emphasize  the  fact  that  a  quali- 
tative comparison  of  tracings  can  never  be  used  to  determine  whether  a 
change  in  the  rate  of  output  of  epinephrin  has  occurred,  a  point  habit- 
ually neglected  by  some  writers  on  this  subject. 

Although  the  much  greater  mhibition  of  the  intestine  segment  pro- 
duced by  the  6tb  specimen  than  by  the  2nd  might  suggest  to  a  readw 
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Mnfamiliftf  with  these  methodB  of  osaay  that  the  output  had  been  much 
increased  after  shock,  the  assay  proved  that  as  a  matter  of  fact  there 
was  DO  change.  Figure  2  shows  that  the  6th  specimen  (observation  16) 
is  much  stronger  than  1:3,750,000  adrenalin  (observation  12),  and 
stronger  than  1:2,500,000  (observation  14).  The  tracings  reproduced 
in  figure  3  demonstrate  that  the  6th  specimen  (observation  48)  is  stronger 
than  1 : 1,875,000  adrenalin  (obeervation  50).    Figure  3-A  shows  that  it 


Fig.'  1.  loteetine  tracinga.  B1ood«  from  dog  S.  At  9,  5  and  7  Ringer  was  re- 
placed by  jugular  blood  and  thia  was  replaced  at  i  by  the  4th  adrenal  blood  speci* 
men  (collected  after  1  hour  of  exposure  of  inteetines,  blood  pressure  68  mm.  of 
mercury);  at  8  by  the  2nd  adrenal  blood  specimen  (collected  before  exposure  of 
intestinM,  blood  preseure  90  mm.  of  mercury)  and  at  8  by  the  6tb  adrenal  blood 
■pecitnen  (collected  af(«r  2  hours  and  20  minutes  exposure  of  inteetinea,  blood 
pressure  50  mm.  of  mercury).  All  the  bloods  vere  diluted  with  3  volumes  of 
Ringer.  As  in  all  the  tracings,  time  is  marked  in  half-minutes.  (Reducod 
to  one-half.) 

does  not  differ  greatly  from.  1 : 1,250,000.  The  2nd  specimen  is  shown 
iti  ^ure  4  to  be  stronger  than  adrenalin  1 : 8,750,000.  A  pair  of  obaw- 
vationa  made  immediately  thereafter  (not  reproduced)  proved  that 
the  2Dd  specimen  was  stronger  than  adrenalin  1:7,500,000.  A  pur 
of  obeervationa  made  immediately  before  those  in  figure  4  indicated 
that  the  concentration  of  epinephrin  in  the  2nd  specimen  did  not  dif- 
fer much  &om  1 : 6,250,000,  and  this  was  confirmed  by  later  obeerva- 
tiona (not  reproduced)  on  the  same  intestine  aegtaeat. 
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replaced  by  jugular  blood  and  this  was  replaced  at  It  by  jugular  blood  to  whieb 
had  been  added  adreDalin  to  make  a  concentration  of  1 : 3,760,000;  at  H  by  jugular 
jblood  with  adrenalin  added  to  make  a  concentration  of  1:2,600,000  and  at  IB 
by  the  0th  adrenal  blood  specimen,  which  is  stronger  than  1:2,600,000  (from 
other  observations  twice  as  strong).  The  difference  between  14  and  16 
appears  relatively  small  simply  because  the  inhibition  at  14  is  already  so 
great.  All  the  bloods  were  diluted  with  3  volumee  Ringer  (the  adrenalin  bloods 
after  adding  the  adrenalin).     (Reduced  to  one-half.) 


Fig.  3.  Intestine  tracings.  Bloods  from  dog  D.  At  47  and  iO  Ringer  was  m- 
plac«d  by  jugular  blood  and  this  was  replaced  at  4^  by  the  6th  adrenal  blood 
apecimea  and  at  50  by  jugular  blood  to  which  was  added  adrenalin  to  makea  con- 
centration of  1: 1,875,000.  The  bloods  were  diluted  with  3  volumes  Ringer  (the 
adrenalin  blood  after  adding  the  adrenalin).    (Reduced  to  four-fifths.) 
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Fig.  3-A.  Inteetine  tracings.  Bloods  from  dog  9.  At  SI  Bad  tS  Ringer  wu 
replaced  by  jugular  Uood  and  thU  was  replaced  at  St  by  jugular  blood  vith  ftdi«- 
nalin  added  to  make  a  concentration  of  1: 1,250,000  and  at  S4  by  the  6th  adrenal 
blood  specimen.  The  blooda  were  diluted  with  3  volumea  Singer  (the  adrenalin 
blood  after  adding  the  adrenalin).    (Reduced  to  fouT-&ftlu.) 


Fig.  4.  Inteatine  tracings.  Bloods  from  dog  9.  At  f7  and  $9  Ringer  was  re- 
placed by  jugular  blood  and  this  wasreplaeedat  X8  by  jugular  blood  to  which  was 
added  adrenalin  to  make  a  concentration  of  1 ;  8,750,000  and  at  SO  by  the  2iid  adre- 
nal blood  specimen  (collected  before  eicpoBure  of  intestines).  All  the  bloods  were 
diluted  with  3  voluQea  Ringer  (the  adrenalin  blood  after  adding  the  adrenalin). 
(Reduced  to  four-fifths.) 
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In  figure  5  it  is  demonstrated  that  the  4th  adrenal  specimen  (obaerra* 
lion  40)  is  decidedly  weaker  than  1 : 2,500,000  (observation  42)  and 
somewhat  stronger  than  1:3,750,000  (obseTvation  44).  It  was  con- 
finned  by  two  other  purs  of  observations  (not  reproduced),  one  just 
before  and  the  other  just  after  those  recorded  in  figure  5,  that  the  4tb 
specimen  was  not  much  different  from  1 : 3,750,000,  probably  a  little 
stronger. 

In  figure  6  are  given  samples  of  uterus  tracings  showing  that  the  2nd 
adrenal  specimen  produces  a  greater  increase  of  tone  than  the  indifferent 
(jugular)  blood ;  the  4th  specimen  a  greater  increase  than  the  2nd  and 


li^K.  6.  Utertu  tracinga.  Bloods  from  dt^  9.  At  6i  Ringer  was  replaced  by 
the  4th  adrenal  blood  specimen;  at  66  by  the  2nd  adrenal  blood  specimen;  at  00 
by  jugular  blood  and  at  07  by  the  Oth  adrenal  blood  specimen.  All  the  bloods 
were  diluted  with  2  volumes  Ringer.     (Reduced  to  one-half.) 

the  6th  a  much  greater  increase  than  the  4th.  Again  it  must  be  pointed 
out  that  the  only  conclusion  which  could  be  drawn  from  a  ccmparison 
of  the  ciu*veB  in  figure  6,  taken  by  thranselves,  would  be  that  the  con- 
centration of  epinephrin  in  the  6tb  specimen  was  greater  than  that  in 
the  4th  and  the  concentration  in  the  4th  greater  than  that  in  the  2nd. 
It  would  be  impossible  to  give  any  quantitative  value  to  the  differences. 
We  know  that  in  fact  the  6th  specimen  was  about  three  times  as  strong 
as  the  4th  and  the  4tb  less  than  twice  as  strong  as  the  2nd.  But  this 
information  is  only  obtainable  by  a  ^^stematic  and  rather  laborious 
assay.  Yet  some  writers  from  mere  inspection  of  a  few  tracings  reveal- 
ing far  less  striking  differences  than  these  shown  in  figure  6,  without  any 
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sttampt  at  quaDtitative  estimation^  have  ventured  to  draw  far  reaflh- 
ing  concluaioiis  as  to  the  influence  of  this  or  that  factor  in  marked^ 
increa^K  the  rate  of  output  of  ep^iepbrin.  It  may  be  safely  assumed 
that  when  a  paper  does  not  give  the  amount  of  epinephriu  liberated 
per  unit  of  time,  before  and  after  the  operation  of  the  factor  supposed 
to  infiuence  the  rate  of  liberation  but  merely  concludes  that  the  rate 
has  been  greatly  increased  or  greatly  diminished,  it  does  not  contain 
any  real  evidence  on  the  question. 

Taking  the  concentration  of  epinephrin  in  the  second  specimen  from 
dog  9  as  1: 6,250,000  we  get  an  output  of  0.0015  mgm.  per  minute  for 
the  dog,  or  0.00023  n 
tiie  4th  specimen  at 
dog,  or  0.0002  mgm, 
in  the  6th  specimen 
the  dog,  or  0.00027  i 

Conden*ed  protocol 

Dog  a.     Weight  6.2  kgm. 
11.00  a.m.    Morphine  25  rogin.  hypodennically 
1.00  p.m.    Etherized.    Put  camiulBe  in  trachea,  carotid  and  jugular.    Made 

l.SOp.m.    Bloodpres8urel54niin.  of  mercury 

1.65  p.m.    Obtained  indifFereot  blood  from  jugular.    Now  collected  adrenal 
blood  from  the  pocket 
lat  Bpecimeo,  7.6  grama  in  45  seooade  (11.5  grama  per  minute) 
2nd  specimen,  22.9  grama  in  120  seconda  (11.5  grams  p^r  minute) 
Blood  preaaure  during  collection  of  these  apecimeoa  123  mm.  of  mer- 
cury 

2.00  p.m.    Exposed  intestines;  oceaaiottal  manipulation 

2.07  p.m.    Blood  pressure  86  mm.  of  mercury 

2.35  p.m.    Blood  pressure  06  mm.  of  mercury 

2.56  p.m.    Blood  pressure  63  mm.  of  mercury.    Collected  adrenal  blood  from 

3d  specimen,  7.4  grama  in  60  seconda  (7.4  grams  per  minute) 
4th  specimen,  16.0  grama  in  150  seconda  (6.4  grama  per  minute) 
Combined  wei^^t  of  adrenals  0.905  gram. 

In  this  experiment  the  epinephrin  assay  showed  that  the  2nd  adrenal 
blood  specimen  (taken  before  manipulation  of  the  intestines  was  begun, 
with  a,  blood  pressure  of  123  nun.  of  mercury)  had  a  concentration  of 
of  1 : 6,500,000.  The  output  per  minute  for  the  dog  was  0.0018  mgm., 
or  0.0003  mgm.  per  kgm.  of  body  weight  per  minute.  The  4th  specimen 
collected  nearly  an  hour  after  manipulation  was  begun,  with  blood 
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pressure  of  63  mm.  of  mercury,  had  a  concentration  of  1:3,500,000, 
correeponding  to  an  output  per  minute  for  the  dog  t^  0.0018  mgm., 
or  0.0003  mgm.  per  kgm.  per  minute.  A  small  sample  of  the  tracingi 
used  in  the  assay  is  reproduced  in  figure  7,  which  shows  that  the  4th 
specimen  (observation  17)  had  a  concentration  decidedly  greater  than 
1:4,000,000  (observation  19),  but  somewhat  less  than  1:8,000,000 
(observation  21).    This  was  confirmed  by  other  obeervations. 

In  a  third  experiment  on  a  d(%,  weighing  7.25  kgm.  (d(^7),  a  specimen 
of  adrenal  blood  collected  before  exposure  of  the  intestines,  with  a  blood 


Fig.  7.  Intestine  tracioBB.  Bloods  from  dog  6.  At  18,  18  and  SO  Ringer  was 
replaced  by  jagul&r  blood  and  this  was  replaced  at  SI  by  the  4th  adrenal  blood 
specimen  (collected  aft«r  1  hr.  exposure  of  intestinee,  blood  pressure  63  mm.  of 
mercury);  at  IB  by  jugular  blood  to  which  was  added  adrenalin  to  make  a  con- 
centration of  1 :4,OOD,000  and  at  */  by  jugular  blood  with  adrenalin  added  to  make 
a  concentration  of  1 : 3,000,000.  All  the  bloods  were  diluted  with  2  volumes 
Ringer  (the  adrenalin  bloods  after  adding  the  adrenalin).  (Reduced  to  four- 
sevenths.) 

pressure  of  113  mm.  of  mercury,  had  a  concentration  of  epinephrin  of 
1 : 1,800,000,  giving  an  output  of  0.0018  mgm.  per  minute  for  the  dc^, 
or  0.00025  mgm.  per  kgm.  per  minute.  A  specimen,  collected  two 
hours  after  exposure  of  the  intestines,  was  assayed  at  1:1,250,000 
epinephrin,  corresponding  to  an  output  per  minute  for  the  dog  of  0.0014 
n^m.,  or  0.0002  mgm.  per  kgm.  per  minute.  The  blood  pressure  ten 
minutes  before  collection  of  this  specimen  was  72  mm.  of  mercury  and 
at  the  end  of  collection  it  was  48  mm.  of  mercury.  The  flow  during 
collection  of  the  last  specimen  was  probably  too  small,  considering  that 
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the  concentration  was  approaching  the  possible  mft*iminw  to  allow 
the  calculated  output  quite  to  equal  the  output  b^ore  shock  was 
induced. 

CondmHd  proloeol 

Dog.  I.    Male.    Weight  7.3  Icgm. 
9.00  B.m.    Morphine  50  mgm.  hypodennioally 

lO.SO  a.m.    Etheriied.    Put  caonulae  into  trachea,  carotid  and  jugular.    Ob- 
tained indifferent  blood  from  jugular 
11.25  a.m.    Started  artificial  respiration 
11.46  a.m.    Loose  ligature  placed  around  inferior  cava,  in  thorax.    Made  cava 

pocket 
12.40  p.m.    Blood  presaure  140  mm.  of  mereury. 

12JtO  p.m.    Blood  preasure  100  mm  of  mercury.    Now  coUoetod  adrenal  blood 
from  the  pocket 
Irt  epecimen,  7.85  granu  in  60  eeeonde  (7.85  grama  per  minute) 
2nd  specimen,  16.1  gram  in  120  Mconds  (S.O  grama  per  minute) 
IjOO  p.m.    Partial  occlusion  of  eava  with  occaaional  release,  praetieed  at  int^ 
vala  for  one  and  one-half  hours.    Dtiring  thia  period  the  blood 
preaaure  gradually  fell  to  6S  mm.  of  mereury  at  2.30  p.m.    . 
2.4S  p.m.    Collected  adrenal  blood  from  pocket 

8rd  apecimen,  4.2  gram*  in  60  aeoonds  (4.2  grama  per  minute) 
4th  apecimen,  11.35  grams  in  ISO  seconds  (3.8  grama  per  mintita) 
Sth  apecimen,  8.85  grama  in  180  aeoonde  (3.0  grama  per  minute) 
Combined  weight  of  adrenals  1.2  grama. 

The  second  adrenal  blood  speidmen  (from  dog  2)  collected  before 
occlusion  of  the  cava,  with  blood  pressure  105  mm.  of  mercury,  was 
assayed  at  1 : 6,500,000  corresponding  to  an  output  of  0.0012  mgm.  per 
minute  for  the  animal,  or  0.00017  mgm.  per  kgm.  per  minute.  The 
4th  specimen,  collected  after  shock  had  been  induced,  contained  1:2,- 
700,000  epiuephrin,  giving  an  output  of  0.0014  mgm.  per  minute  tar 
the  dog,  or  0.00019  mgm.  per  kgm.  per  minute.  The  5th  specimeo, 
cdlected  with  a  blood  pressure  of  68  mm.  of  mercury,  had  a  concentra- 
tion of  1-:  2,100,000  corresponding  to  an  output  of  0.0014  mgm.  per 
minute  for  the  animal,  or  0.00019  mgm.  per  kgm.  per  minute. 

Condented  jtrotoeot 

Dog  J.    Female.    Weight  11.3  kgm. 
9.00  a.m.    Morphine  100  mgm.  hyimdermioaliy 

10.4S  a.m.    Etheriied.    Put  oaanulae  in  trachea,  carotid  and  jugular.    Made 
cava  pocket 
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11.30  a.Qi.    Blood  pressure  100  mm.  of  mercury.    Now  collected  adreiul  blood 
from  pocket 
1st  specimen,  preliminary  specimen 

2nd  specimen,  17.4  grams  in  30  seconds  (34.8  grama  per  minute) 
11.45  a.m.    Bled  from  carotid  (about  250  cc.  blcK>d  withdrawn).    Blood  preasura 
juat  after  hemorrhage,  60  mm.  of  mercury.    Collected  a  preUminary 
specimen,  then 
3d  specimen,  0.5  grams  in  60  seconds 
11.50  a.m.    Closed  abdomen  with  clamps 

12.00  i6  12.30  p.m.    Pulse  feeble  and  rapid;  respirations  very  rapid  (ISO  per  min- 
ute) 
1.80  p.m.    Collected  adrenal  blood  from  pocket 

4tli  epemmen,  3.39  grame  in  30  seconda  (6.7  grama  per  minute) 
5th  specimen,  11.45  grams  io  150  Moonds  (4.6  grams  per  minute) 
Blood  prewure  just  after  collection  of  5tb  specimen  40  to  50  mm.  of 
mercury 
Combined  weight  of  adrenals  1.8  grama. 

In  this  animal  the  2iid  adrenal  blood  specimen,  obtained  before  hran- 
otAmgB,  with  the  blood  preaaure  at  100  nun.  of  mercuiy,  waa  assayed 
at  1 :  18,000,000  epinephrin.  The  rate  of  flow  from  the  adrenals  was 
large  although  no  unl^ted  small  vein  connected  with  the  cava  pocket 
was  found  post  mortem.  This  accounts  for  the  exceptionally  low  con- 
centration of  epineptirin.  The  output  of  epinephrin  per  minute  for  the 
animal  for  this  specimen  was  0.002  mgm.  or  0.00018  mgm.  per  kgm.  of 
body  wei^t  per  minute.  The  3nl  ^)ecimen,  collected  immediately 
after  hemorrhage,  with  the  blood  pressure  at  60  mm.  of  mercury,  had 
a  concentration  of  1 : 3,300,000  of  epinephrin,  corresponding  to  an  out- 
put of  0.0029  mgm.  per  minute  for  the  dog,  or  0.00025  mgm.  per  kgm. 
per  minute.  The  5th  adrenal  blood  specimen,  collected  two  hours  after 
the  hemorrhage,  the  blood  presaure  being  50  mm.  of  mercury  at  the 
beginning  and  40  mm.  of  mercury  at  the  end  of  collection,  had  a  con- 
centration of  epinephrin  of  1:1,500,000.  This  corresponds  to  an  out- 
put of  0.003  mgm.  per  minute  for  the  animal,  or  0.00025  mgm.  per  kgm, 
per  minute.  Samples  of  the  tracings  used  for  the  assays  are  repro- 
duced in  figures  S  to  12. 

Figure  8  shows  that  at  this  stage  the  second  adrenal  specimen  (ob- 
servation  3)  caused  no  definite  inhibition  of  the  intestine  a^ment, 
which  was  not  sensitive  enough  to  detect  the  concentration  of  epi- 
nephrin contained  in  it,  although  later  on  it  was  assayed  at  1 :  18,000,000. 
Tbe  Srd  specimen  caused  a  good  inhibition  (observation  5).  It  was 
assayed  io  other  observations  at  1 :3,300,000.  This  is  an  exceUent  il- 
lustration of  the  danger  of  drawii^  quantitative  conclusions  from  quali- 
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tative  experiments.  No  doubt  the  inhibition  in  observation  5  was  pro- 
duced by  a  concentration  of  eplnephrin  five  times  as  great  as  that  which 
failed  to  cause  inhibition  in  observation  3.  But  similar  obaervationa 
have  sometimes  been  erroneously  interpreted  as  indicating  that  a  great 
"outburst"  of  epinephrin  must  have  occurred  when  the  specimen  giv- 
ing the  positive  reaction  was  being  collected.  In  the  present  instance, 
as  the  assay  showed,  the  rate  of  output  of  epinephrin  wA  practically 
the  same  for  both  specimens.  Figure  9  demonstrates  that  the  ;2nd 
adrenal  specimen  contained  enough  epinephrin  to  be  detected  and  ap- 


F^g.  8.  Intestine  tractnga.  Blood§  of  dog  1.  At  t  uid  i  Ringer  was  replaced 
by  indifferent  blood  and  thii  was  replaced  at  S  by  the  2nd  adrenal  blood  specimen 
(collected  before  hemorrhage,  blood  pressure  100  mm.  of  mercury)  and  at  S  by 
the  3rd  adrenal  blood  specimen  (collected  a  few  minutes  after  hemorrhage,  blood 
preeure  60  mm.  of  mercury).  The  bloods  were  diluted  with  3  volumes  Ringer. 
(Reduced  to  two-thirds.) 

proximately  assayed  by  the  swne  rabbit  intestine  segment  when  it 
had  become  more  sensitive  to  epinephrin.  The  concentration  is  ob- 
viously less  than  I:I6,500,(XX)  (observation  43)  and  greater  than 
1 :20,0(K),000  (observation  45).  These  observations  were  confirmed  by 
others  and  the  concentration  worked  out  at  approximately  1 :  18,0(M),000. 
In  figure  10  it  is  shown  that  the  concentration  of  the  3rd  adrenal 
^wcimen  is  slightly  greater  than  1 : 3,400,0(X>.  This  was  confirmed  by 
other  observations.  It  was  taken  finally  at  1 : 3,3(X),(X)0.  Figure  11 
shows  that  the  concentration  of  the  5th  specimen  is  not  very  differ- 
ent from  1: 1,650,(XK)  and  figure  12,  that  it  is  considerably  less  than 
1 : 1 ,250,000.    It  was  finally  taken  as  1 ,500,000. 
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Fig.  9.  IntMtina  tracmga.  Bloods  from  dog  I.  At  Ifl,  if  uid  ^  RinKor  wm 
KpUoed  by  indifferent  blood  and  this  wm  replaced  %%  ^1  by  the  2nd  adrenal  blood 
•peeimen  (coUeoted  before  hemorrhage) ;  at.^  by  indifferent  blood  to  which  wu 
added  adrenalin  to  make  a  concentration  of  1 :  16,500,000  and  at  iS  by  indiff«rMit 
blood,  with  adrenalin  added  to  make  a  concenttation  of  1 :  20,000,000  All  of  the 
bloodfl  were  diluted  with  an  equal  volume  of  Ringer  (the  adrenalin  bloods  aftar 
adding  the  adrenalin). 


Pig.  10.  Inteattne  traetngs.  Bloods  from  dog  1.  At  10  and  It  Ringer  waa 
replaced  by  indifferent  blood  and  this  waa  replaced  at  11  by  indifferent  blood  to 
which  was  added  adrenalin  to  make  a  concentration  of  1 : 3,400,000  and  at  IS  by 
the  3rd  adrenal  blood  specimen  (collected  a  few  minutes  after  hemorrhage).  All 
the  bloods  were  diluted  with  3  volumes  Ringer  (the  adrenalin  blood  after  adding 
the  adrenalin).     (Reduced  to  two-thirds.) 
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Fig.  11.  Intestine  tracings.  Bloods  from  dog  1.  At  $  and  S  Ringer  was  re- 
placed by  indifferent  blood  and  this  was  replaced  at  7  by  the  5th  adrenal  btood 
specimen  (collected  2  hours  aft«r  hemorrhage,  blood  preosure  40  to  60  nun.  of 
mercury)  and  at  S  by  indifferent  blood  to  which  waa  added  adrenalin  to  make  a 
eoncentration  of  1: 1,650,000.  The  bloods  were  diluted  with  3  volumes  Ringer 
(the  adrenalin  blood  after  adding  the  adrenalin).    (Reduced  to  two-thirds.) 


Pig.  12.  Intestine  tracings.    Bloods  from  dog  1.    At  t8  and  M  Ringer  was  re- 
placed by  indifferent  blood  and  this  was  replaced  at  17  by  the  Sth  adrenal  blood 
specimen  and  at  *S  by  indifTerent  blood  to  which  was  added  adrenalin  to  make  a 
*  concentration  of  1: 1,250,000.    All  the  bloods  were  diluted  with  3  volumes  Ringer 
(the  adrenalin  blood  after  adding  the  adrenalin).     (Reduced  to  four-fifths.) 
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of  mercury  at  the  beginning  of  collection  of  the  3rd  specimen.  The 
relatively  low  concentration  is  associated  with  a  high  rate  of  flow 
through  the  adrenals.  No  leak  into  the  cava  pocket  from  any  other 
source  could  be  detected  post  mortem.    The  5th  adrenal  specimen,  taken 
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twenty  minutes  after  injection  of  the  peptone,  with  blood  pressure  about 
60  mm.  of  mercury,  had  a  concentration  of  1:6,500,000,  pvingan  oat- 
put  of  0.0008  mgro.  of  epinephrin  per  minute  for  the  cat,  or  0.00026 
TDgm.  per  kgm.  of  body  weight  per  minute.  The  8th  specimen  was  as- 
sayed at  1:850,000,  giving  an  output  of  0.0008  mgm.  epinephrin  per 
minute  for  the  cat,  or  0.00025  mgm.  per  kgm.  per  minute.  Althou^ 
the  concentration  in  this  specimen  approached  the  possible  maximum 
concentration,  owing  to  the  small  blood  Sow  throu^  the  adrenals, 


Fig.  13.  Intefltiae  tracings.  Bloods  from  cat  4.  At  H  and  H  Ringer  wh  re- 
placed by  femoral  vein  blood  and  this  was  replaced  at  IS  by  femoral  vein  blood 
to  which  was  added  adrenalin  to  make  a  concentration  of  1 :  14,000,000  and  at  fS 
by  the  3rd  adrenal  blood  specimen  (collected  before  injection  of  peptone,  blood 
pressure  IIMnim.  of  mercury).  All  the  bloodsweredilutcd  with  3  volumes  Ringer 
(the  adrenalin  blood  after  adding  the  adrenalin).     (Reduced  to  foui^fiftha.  I 

associated  with  the  low  blood  pressure  at  the  time  of  collection  (28  mm. 
of  mercury),  the  curves  obtained  permitted  a  good  assay.  The  results 
were  confirmed  on  the  uterus  segments.  Some  of  the  intestine  seg- 
ment tracings  are  reproduced  in  figures  13  to  16.  Figure  13  indicates 
that  the  concentration  of  the  3rd  specimen  is  somewhat  less  than 
1 :  14,000,000.  In  other  tracings  it  was  shown  that  1 :  16,500,000  was 
markedly  weaker  than  the  3rd  specimen,  while  1 :  14,000,000  vtas  only 
slightly  stronger.     In  figure  14  it  is  demonstrated  that  the  5th  speci- 
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men  was  weaker  than  1 : 5,700,000.  Other  tniciDga  showed  that  it  was 
Btrooger  than  1:7,000,000.  In  figuree  16  and  16  are  reproduced  acme 
of  tiie  tracings  used  to  aaaay  the  8th  specimen.  Figure  15  shows  that 
1: 1,400,000  (observation  56)  was  much  too  weak  for  the  specimen  and 
that  1: 700,000  (observation  57)  was  too  strong.  From  figure  16  it  is 
clear  that  the  specimen  was  stronger  than  1 : 1,000,000. 


Fig.  14.  Intwtlne  tracings.  Bloods  from  c&t  4.  At  1$  and  SO  Ringer  wu  n- 
plftced  by  jugular  blood  and  this  was  repl&eed  &t  f7  by  the  5th  adren&l  blood  Bpeci- 
nwn  (collected  20  imnutAa  after  in JMtioQ  of  peptone)  and  at  91  by  jugular  blood  to 
which  was  added  adrenalin  to  nuke  a  concentration  of  1:S,700,000.  All  the 
bloods  were  diluted  wih  3  volumes  Ringer  (the  adrenalin  blood  after  adding  the 
adrenalin).    (Reduced  to  four-fifths.) 

The  results  of  this  investigation  may  be  summed  up  in  a  sentence. 
In  none  of  our  experiments  has  evidence  been  obtained  that  any  aen- 
m\Ae  change  occurs  in  the  rate  of  output  of  epinephrin  from  the  adre- 
nals in  conditions  of  continued  low  blood  pressure. 

The  only  way  in  which  we  have  hitherto  been  able  to  bring  about 
an  unequivocal  increase  in  the  epinephrin  output  (apart,  of  course, 
from  that  due  to  stunulation  of  the  periphend  end  of  the  splanchnic 
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nerve)  ia  by  the  admiaistratioo  of  Btiychuine  or  the  intravenous  in- 
jection of  small  quaotities  of  concentrated  solutions  of  salts  (sodium 
carbonate),  which  cause  a  general  excitation  of  the  spinal  cord.  We 
purpoeely  produced  such  an  excitation  in  the  hope  of  stimulating  among 
other  centers  that  which  is  associated  with  the  secretion  of  epinephrin 
and  is  situated  in  the  upper  part  of  the  thoracic  cord  (9).  For  this 
reason  we  have  hitherto  investigated  the  action  of  strychnine  only  in 


dg.  16.  Intestine  tracings.  Bloods  Trom  cat  4.  At  Bi  and  $8  Ringer  waa  re- 
placed by  i  ugular  blood  and  this  was  replaced  at  $S  by  the  8th  adrenal  blood  speei- 
men  and  at  87  by  jugular  blood  to  which  was  added  adrenalin  to  make  a  concen- 
tration of  1:1,000,000,  All  the  bloods  were  diluted  with  10  volumes  Ringer 
(the  adrenalin  blood  after  adding  the  adrenalin).     (Reduced  to  foui^fifths.) 

doses  somewhat  higher  than  the  ordinary  therapeutic  doses,  and  have 
obtained  a  very  marked  increase  of  the  rate  of  epinephrin  output,  both 
in  the  dog  and  cat,  up  to  ten  times  the  initial  output.  Asphyxia  was 
excluded  by  artificial  respiration.  The  effect  of  strychnine  is  not  tran- 
sient and  may  outlast  for  a  considerable  time  the  convulsant  action, 
when  such  is  present.  The  maximum  increase  is  not  necessarily  found 
in  specimens  of  adrenal  blood  taken  immediately  after  the  ttppearance 
of  the  symptoms  of  strychnine  action  on  the  cord.'   Thus,  in  one  experi- 
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ment  the  output  of  epinephrin  id  blood  c<dlected  immediately  after  the 
onset  of  the  symptoms  was  shown  to  be  three  times  the  initial  output, 
whOTeas  one  hour  later  it  was  four  times  the  initial  output.  In  another 
experiment  the  output  was  doubled  with  the  onset  of  the  strychnine 
sjrmptoms  but  more  than  an  hour  later,  when  the  E^rmptoms  had  ap- 
parently cnnpletely  subsided,  the  output  was  three  times  the  initial 
output.  In  a  third  experiment,  on  s  deeply  anesthetized  animal  in 
which  the  dose  of  strychnine  employed  caused  no  convulsions,  the 
epinephrin  output  was  definitely  increased  in  a  blood  specimen  taken 
a  few  minutes  after  the  injection  of  the  stTychnine,  but  the  increase 
was  twice  as  great  in  a  specimen  collected  a  little  more  than  an  hour 
thereafter.  It  is  not  always  the  case,  however,  that  the  later  specimens 
show  a  greater  increase  than  those  collected  soon  after  the  adminis- 
tration of  strychnine.  In  one  experiment,  for  example,  the  output 
soon  after  the  development  of  the  strychnine  aymptfana  was  ten  times 
the  initial  output,  while  a  specimen  taken  three-quarters  of  an  hour 
later  showed  six  or  seven  times  the  initial  output.  Of  course,  the  ex- 
tent of  the  increase  varies  in  different  experiments.  The  subject  is 
being  investigated  further,  especially  the  action  of  smaller  doses,  and 
the  details  will  be  published  in  a  subsequent  paper.  The  possibility  * 
that  the  stimulating  effect  of  strychnioe  upon  the  epinephrin  output 
may  enter  as  a  factor  into  some  of  tiie  pharmacological  and  thera- 
peutic actions  of  the  drug  is  obvious,  but  we  have  at  present  no 
evidence  on  this  point. 


The  rate  of  output  of  epinephrin  in  dogs  and  cats,  after  the  blood 
pressure  had  been  permanently  lowered  by  exposure  and  manipulation 
of  the  intestines,  by  i>artial  occlusion  of  the  inferior  vena  cava,  by  h^n- 
orrhage  and  by  "peptone"  injection,  waa  found  to  be  the  same  as  be- 
fore the  lowering  of  the  blood  pressure,  within  the  limits  of  error  of 
the  methods  used  for  assaying  the  epinephrin. 

A  marked  increase  in  the  rate  of  output  of  epinephrin  was  produced 
by  strychnine. 
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BI8T0BICAL  nnVODCCTION 

Hdmgron  (1)  is  aocredited  with  tiie  diaoovary  tb&t  when  light  u 
allowed  to  fall  upon  the  eye  of  a  frog  which  has  been  kept  in  the  dark 
and  again  when  the  light  is  removed,  there  is  an  increase  in  the  podttve 
diieetioo  (rf  the  current  present  during  darkness.  He  found  that  the 
strength  of  these  retinal  currents  is,  within  limits,  proportional  to  the 
intensity  of  the  light;  also,  that  the  onset  and  runoral  of  light  is  at- 
tended with  the  same  electrical  changes  when  the  posterior  half  of  the 
qrebaU  only  is  illuminated. 

Dewar  and  M'Kendriok  (2),  who  independently  of  Holmgren  and 
at  about  the  same  time  made  investigations  upon  tiieee  electrical 
changes  caused  in  retbae  by  light,  proved  experimentally,  a,  that  the 
impact  of  light  on  the  eyes  of  members  of  the  following  groups  of  ani- 
nuds,  vis.,  mammalia,  aves,  reptilia,  amphibia,  piscea  and  crustacea, 
produces  a  variation  amounting  to  from  3  to  10  per  cent  of  the  normal 
deotromotive  force  <wi«fa'"e  between  the  corneal  surface  and  the  trans- 
verse, sectiim  of  the  nerve;  6,  that  this  electrical  alteration  may  be 
traced  into  the  brain;  c,  that  ihoee  rays  which  we  regard  as  most  lumi- 
nous produce  the  hugest  variation;  d,  that  the  alteration  of  the  elec- 
trical effect  with  varying  luminous  intensity  seems  to  follow  very 
closely  ratios  given  by  the  psycho-physical  law  of  Fechner;  e,  that  the 
deetrical  alteration  is  due  to  the  action  of  light  on  the  retinal  struc- 
ture itself,  as  it  is  independent  of  the  anterior  portion  of  the  eye,  elimi- 
nating, therefore,  the  natural  supposition  that  the  contraction  of  the 
iriami^t  produce  such  a  result;  and/,  that  it  is  possible  by  experiment 
to  diaeover  the  physical  expression  of  what  is  usually  called  in  physio- 
h^oal  language,  fatigue.  , 
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KUhne  and  Stoiner  (3)  investigated  chiefly  the  reactions  of  the  iso- 
lated retina.  They  found  that  the  electrical  change  on  lighting  and 
darkening  is  a  complex  one.  The  reaction  is  divisible,  they  say,  into 
two  parts :  the  first  one,  due  to  the  onset  and  continuance  of  iUumina- 
tion,  consists  of  a  n^ative  variation  preceded  by  a  positive;  and  the 
second,  caused  by  the  disappearance  of  ttte  light,  consista  of  a  simple 
positive  variation.  No  current  was  obtained  from  the  posterior  Iwlf 
of  the  eyeball  frtnn  which  the  retina  had  been  removed,  the  pigment 
layer  bfdng  left  behind.  Hence  the  pigment  epithelium  possesses  no 
electromotive  power. 

Waller  (4),  whose  brochure  on  Tht  Signs  of  Life  is  most  fascinating, 
concludes  from  his  experimentation:  a,  A  freah  normal  eyeball  mani- 
fests a  potdtive  current  which  gradually  declines  to  sero  and  becomes 
reversed.  By  positive  currerU  Waller  refers  to  the  current  of  response 
due  to  the  action  of  light  on  the  retina  which  is  from  the  nerve — that 
which  is  not  directly  stimulated  by  light — to  the  retina;  that  is,  from 
^e  less  excited  to  the  more  excited,  b,  On  exposure  to  l^t  the  nor- 
mal current,  whether  positive  or  n^ative,  undergoes  a  positive  varia- 
tion, e.  The  magnitude' of  the  response  to  light  increases  with  the 
duration  of  illumination,  d,  The  magnitude  of  the  response  to  Ug^t 
increases  wiUi  the  strength  of  illumination,  e,  Cirfored  lights  act  tn 
the  same  direction  and  in  accordance  with  their  luminomty. 

Gotdi  (5)  made  use  of  a  capillary  electrometer  which  recorded  the 
rapid  alterations  of  current  present  in  the  retinal  responses.  He 
divided  the  electrical  reactions  of  the  eye  to  light  into  three  portions: 
a,  the  rise  due  to  sudden  illumination  or  the  "on-effeot;"  b,  the  oon- 
tinuous  change  occurring  during  the  continuance  of  Ute  illumination, 
and  c,  a  second  rise  due  to  tiie  sudden  change  from  li^t  to  daAnets 
or  the  "ofF-effect."  Ilie  results  seem  to  indicate  the  localisation  d 
two  photochemical  substances  in  the  posterior  half  of  the  eyeball,  these 
being  a  substance  reacting  to  light  and  a  substance  reacting  to  dark- 
ness.   Each  reaction  is  of  the  same  type. 

Eintiioven  and  JoUy  (6)  used  a  string  galvanometer  and  an  arc  as  a 
source  of  illumination  with  suitable  diaphragms.  They  conclude: 
a.  The  photo-electric  reaction  of  an  isolated  eye  is  specially  adapted 
to  the  study  of  the  effect  of  stimuli  of  very  different  intensities.  In 
their  experiments  light  stimufi  were  used  whose  energy  varied  frran 
3.05  X  ICT'*  to  3.95  X  ItT*  g.  coT.  per  second,  b,  The  form  under  which 
the  photo-electric  reaction  manifests  itself  under  different  oonditicmB 
gives  ground  for  the  suppos^ion  that  there  occur  in  the  eye  three  sepa- 
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rate  processes  and  that  each  of  these  may  be  dependent  upon  a  separate 
substance,  e,  The  first  substance  reacts  more  rapidly  tJian  the  other 
two.  Ou  lightii^  it  develops  a  negative,  on  darkening,  a  poative 
potential  difference,  d,  The  second  substance  reacts  less  rapidly  than 
the  first  and  in  an  opposite  direction  or  sense.  On  lighting  it  develops 
a  positive,  on  darkening,  a  negative  potential  difference,  e,  The  third 
substance  reacts  in  the  same  sense  as  the  second  but  much  more  slowly. 
/,  For  each  of  the  three  substances  the  rule  holds  good  that  with  moder- 
ate  and  strong  light  the  eneigy  of  the  stimulus  increases  much  more 
rapidly  than  the  energj'  of  Hw  reaction. 

Other  important  researches,  in  4  general  way  confirmatory  of  certain 
of  the  conclusions  previously  arrived  at,  have  been  made  by  Fuchs 
(7),  DeHaaa  (8),  Piper  (9),  Isbihara  (10),  Bruecke  and  Garten  (U). 

B£bUu£    of    EXPEBIlfENTATION    AND    OPtNIONB    UTON    THE    EFFECrS    OF 

DirrERENT   WAVE-LENQTHS   AND   THE    QUBBTION    OF    COUPLE- 

MENTART  OB  ANTAOONISTIC  INTLUENCEB 

Since  we  are  particularly  interested  in  this  research  in  the  investiga- 
tion of  the  effects  of  various  colors  or  wavelengths  (A  lij^t  upon  the 
retinal  re^wnse  and  in  the  question  <tf  corresponding  or  antagonistic 
influences,  such  as  would  be  dooanded  by  the  Hering  theory,  for  ex- 
ample,  it  is  pertinent  to  present  briefly  the  experimental  evidence 
obtained  up  to  date  upon  these  points. 

Gotch  (12)  exposed  an  excised  frog's  eyeball  which  had  been  kept  in 
the  dark  to  the  red  end  of  the  q>ectrum  for  1.6  seconds:  the  response 
commenced  after  a  delay  of  0.225  second  and  reached  a  mftTimiiTn  of 
0.00045  volt  at  0.8  second.  After  a  period  of  five  minutes'  rest  the 
result  was  checked.  During  a  further  period  of  five  minutes'  wait  the 
position  of  the  chamber  carrjiog  the  eye  was  shifted  to  the  green  region 
of  the  spectrum,  to  which  the  eye  was  exposed  for  2.7  seconds.  The 
response  began  after  a  delay  of  0.18  second  and  reached  a  muTimMm  of 
0.0004  volt  at  0.6  second.  And  bo  on  for  the  violet  end,  ihe  delay  in 
response  being  0.22  second  and  the  maximum  response  0.0003  volt 
at  0.6  second.  In  conclusion  Gotch  says  that  the  maximum  response 
to  red  light  was  0.0004  volt,  green  light  0.0005  volt  and  violet  light 
0.00024  volt.  By  means  of  a  slit  the  "  amount  of  li^t  passing  through 
the  grating  used  could  be  always  adjusted  until  it  corresponded  in 
photometric  value  witii  that  of  the  candle."  In  concluding  his  remarks 
upon  these  investigations  he  says  (13) : 
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If  it  is  permitted  to  uaociate  theH  reaults  with  the  well-known  theories  of 
colour  viflioii,  then  it  u  evident  tlut  the  Young-Helmhalti  theory  which  Maumea 
three  primary  ootour  reacting  eubetanoeB,  red,  green,  violet,  is  in  remarkable 
accordance  with  the  data  jiut  put  forward.  Jn  one  reepect  only  are  the  photo- 
electric reeponeea  not  in  accord  with  that  theory,  for  although  the  reaponaee 
appear  to  show  that  there  ie  a  aubBtanee  capable  of  being  etimulated  by  darkneM 
,there  is  no  fourth  reacting  substance  postulated  in  the  theory.  On  the  other 
hand,  this  is  the  only  fact  which  is  in  any  sense  applicable  to  the  rival  theory 
advanecd  by  Bering  and  even  this  is  not  in  accordance  with  the  assumption  of 
Bering  that  lAe  sensation  of  black,  although  caused  by  stimulation,  is  brought 
about  by  a  change  of  oppoaite  chemical  type  to  that  produeed  by  white.  The 
photo^ectrio  responses,  being  all  of  the  aame  fundamental  type,  are  not  in  har- 
mony with  the  assumption  that  there  are  three  reacting  substances,  a  red-green 
one,  a  blue-yellow  one  and  a  white-black  one,  and  that  the  process  is  of  opposite 
■ign  (association  or  dissociation)  in  eachmember,aproeesB  of  onesignoceurring 
with  red,  blue  or  white,  whilst  that  of  the  opposit*  sign  oooura  with  green,  yellow 
or  black. 

In  bis  firat  paper  Gotch  (14)  conoludes  that  the  results  i4)pear  to 
indioate  the  looalization  of  two  photo-chemioal  subetances  in  the 
poeterior  half  of  the  eyeball,  these  being  a  substance  reacting  to  li^t 
and  a  substance  reacting  to  darkness.  Each  reaction,  he  aaya,  a  a 
change  of  the  same  type,  but  for  the  change  to  occur  the  eye  must  be 
previously  adapted,  i.e.,  the  substaooes  must  undergo  phases  of  metab- 
otism  under  conditions  oppomte  to  those  which  evoke  the  reaction 
efFecto. 

Waller  (15)  writes: 

We  may  see  whether  or  no  oomplementary  colours  have  opposite  electrical 
effects,  and  whether  the  exoessive  acUon  of  a  given  colour  favours  or  disfavours  the 

action  of  its  complementary The  effects  of  all  sorts  of  colours  were 

of  the  same  sign.  The  joint  efleet  of  two  complementary  colours  was  practically 
the  sum  of  their  separate  effects.  And  the  prolonged  excessive  action  of  a  given 
colour  fatigued  the  retina  to  that  colour  just  as  much  or  as  little  as  to  the  com- 
plementary colour.  All  colours,  in  fact,  as  regards  the  electrical  response  they 
elicit  from  the  retina,  give  that  response  of  the  same  sign  and  seem  to  act  in  the 
9  direction,   more  or  less  powerfully  according  as  they  are  more  or  less 


Thus,  e.g.,  in  a  given  Beries  of  triala,  the  responses  had  the  follow- 
ing relative  magnitudes: 

Red 4 

YeUow 1« 

(White) S3 

Green 12 

Blue 9 
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Furthermore,  atl  the  experimental  facts  obtained — via.,  the  traned- 
tional  responses  from  positive  to  negative,  the  immediate  conversion 
from  positive  to  negative  by  compression,  the  initio  period  of  he^ta- 
tioD — point  to  the  conclusion  that  the  retina,  when  exposed  to  light,  is 
the  seat  of  tvo  contrary  electromotive  changes.    And  Waller  says. 

It  matters  little  'whether  you  imagine  two  single  processes  or  one  double  proc- 
ess behind  the  movements  of  the  inachiDery We  are  alt  acquainted 

with  Bering's  theory  of  colour-vision  vetting  forth  that  eontnuy  processes  of 
dissimilation  and  a^inilation  are  orouaed  by  complementary  ooloure.  .  .  . 
And  whether  or  no  we  happen  to  believe  that,  e.g.,  a  red  light  is  katabolic  and  & 
green  light  anabolic,  we  assuredly  do  believe  in  what  has  been  termed  by  Bernard 
the  axiom  of  general  physiology — that  katabolic  analysis  and  aoabolie  synthesis 
are  inconceivable  apart  from  each  other,  I  thinic  that  we  should  not  hastily 
admit  that  our  double  electrical  change  is  presenting  us  to  another  aspect  of  a 
familiar  if  somewhat  nebulous  colour-theory:  I  think  we  have  no  ground  for 
assuming  that  our  conclusions  mean  anything  more  than  the  old  axiom  behind  a 
new  face.  A  prooess  necessitates  the  anti-process,  and  if  the  process  is  attended 
by  an  electrical  change  of  given  sign,  we  may  expect  that  the  anti-procem  will 
entail  an  electrical  change  of  opposite  sign.  The  chemical  changes  taking  place 
in  living  matter  are  in  general  reversible  changes. 


PURPOSES  OF  THE   PRESENT   EXPERIMENTATION 

We  are  presenting  such  experimental  evidence  as  we  have  been  able 
to  obtain,  after  a  number  of  repetitions,  which  bears  upon: 

1.  The  directions  of  the  electromotive  forces, — i.e.,  whether  the  cur- 
rent is  from  the  nerve  to  the  retina  or  vice  versa, — under  exposures 
to  varying  wave-lengths  of  light. 

2.  The  question  as  to  whether  or  not  the  excessive  action  of  a  given 
monochromatic  radiation  will  promote  the  subsequent  action  of  its 
complementary. 

3.  The  general  physiological  problem  of  dissimilation  and  assimila- 
tion, or  katabolism  and  anabolism. 

4.  The  possible  bearing  of  the  experimental  results  obtained  upon 
the  theories  of  color  vision. 

We  ahall  not  attempt  in  this  paper  any  theoretical  discussions  as  to 
the  possible  physical,  ch^nical  or  physiologic  explanations  of  the 
effects  observed,  since  we  are  of  the  opinion  that  too  few  facts  are  at 
hand  to  warrant  the  addition  of  another  guess  to  the  many  that  already 
exist. 
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APPARATUS 

The  schematic  arraDgement  of  the  apparatus  which  was  used  is 
^own  in  figure  1 . 

Optical  apparaluB.  The  source  of  light,  S,  was  a  carbon  arc,  hand 
feed,  supplied  by  an  alternating  current  dynamo,  D.  The  quarts 
lens  system  L,  threw  the  light  upon  a  sht  and  thence  to  a  lens  Li  and  a 
prism  P  carrying  on  one  face  a  grating  rephca.  A  continuous  spec- 
trum was  formed  upon  a  cardboard  screen  marked  into  wave-lenglhs 
and  represented  hy  RY  G  B  'm  figure  1.  This  whole  optical  arrange- 
ment is  conveniently  assembled  in  the  spectrum  projector  manufac- 
tured by  the  Bausch  &  Lomb  Company.  One  of  these  devices  was 
used  through  this  work. 


Fig.  1.  Ensemble  of  experimental  apparatus 

The  eytimU,  enclosing  case,  etc.  All  eyes  used  were  freshly  excised 
from  youi^  dogs  in  healthy  condition.  In  no  case  was  experimentation 
with  an  eye  started  later  than  two  hours  after  enucleation.  The  eye- 
ball was  allowed  to  rest  on  a  hollowed-out  pad  of  soft  wax  and  was 
held  in  position  by  means  of  an  arm  swinging  from  a  rod  running  the 
length  of  the  enclosing  case.  To  this  same  rod  were  fastened  the  non- 
polarizable  electrodes.  Every  precaution  was  taken  to  avoid  mechan- 
ical pressure  or  injury  to  the  eyeball. 

The  front  of  the  containing  case,  C,  was  perforated  by  a  small  aper- 
ture carrying  a  swinging  cover  to  admit  or  exclude  light. 

The  electrodes  made  contact  respectively  with  the  cornea  and  with 
the  nerve  stiunp. 
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Galvanomder.  The  galvanometer  was  of  the  Thomson  type  and 
had  a  sensitiveness  of  1.2  x  10-*  ampere,  i.e.,  one  millimeter  deflection 
at  one  meter  corresponded  to  a  current  of  1.2  x  10-*  ampere.  Such  a 
sensitiveness  was  not  sufiSciently  high  for  the  purposes  desired  judging 
by  previous  experimentation  (15,  p.  151).  We  therefore  increased  the 
sensitiveness  about  tenfold  by  using  a  concave  mirror  on  the  galvan- 
ometer and  so  placing  a  luminous  source,  /,  as  to  cause  a  beam  of  Ught 
to  be  reflected  from  the  galvanometer  mirror  across  the  room  to  a 
plane  mirror,  to  be  finally  focussed  on  a  traoaparent  screen  at  T  (fig.  1). 
This  method  enabled  us  to  measure  an  indicated  electromotive  force  of 
0.00016  volt  for  one  millimeter  scale  deflection. 

CotnpeTutUing  potentiometer.  When  an  excised  eyeball  is  connected 
up  through  non-polarizable  electrodes  touching  the  cornea  and  nerve, 
a  current  of  injury  is  found  which  must  be  compensated  or  eliminated. 
This  can  be  accompli^ed  as 
diagranomed  in  figure  2.  A 
constant  voltage  cell  may  be 
shortr-circuited  through  a  high 
resistance,  R,  from  which  any 
desired  potential  difference 
may  be  tapped  off  and  applied 
across  the  eyeball  in  such  a 
direction  (by  proper  connec- 
tion of  the  two  terminal  points 
of  the  battery  to  the  eyebsdl)  as  to  bring  the  galvanometer  reading 
back  to  its  initial  zero  point.  In  this  maimer,  provided  the  compen- 
sating electromotive  force  demanded  does  not  vary  with  time,  the 
effects  obtained  by  illumination  are  genuine  and  are  not  comphcated 
by  current  or  injury  effects. 

Exposure  to  various  parts  of  the  spectrum.  The  case  containing  the 
eyeball  was  not  disturbed  during  an  evening's  experimentation.  The 
spectrum  projection  apparatus,  which  was  fastened  to  a  single  sup- 
porting base,  was  turned  so  as  to  allow  the  eye  to  be  exposed  to  any 
desired  portion  of  the  spectrum. 

Electrical  screening.  The  case  holding  the  eye  and  the  electrical 
portions  of  the  spectnmi  projection  apparatus  were  suitably  screened 
with  wire  cages  connected  to  earth  to  prevent  spurious  effects  upon 
the  galvanometer  leads,  etc.  The  leads,  in  turn,  were  wound  non- 
inductively  and  reasonably  well  protected  from  stray  electrical  effects. 


Fig.  2.  Detailed  diagram  of  compensating 
potential  device. 
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METHOD   OF  INVEeXIGATION 

a.  Differences  in  present  methods  as  compared  with  those  previously 
pursued.  In  &  general  way,  previous  experimenters  have  exposed 
excised  eyes  (usually  frogs'  eyes)  to  luminous  energy  for  periods  of 
time  varying  from  a  few  seconds  to  a  minute  and  then  to  equal  or 
longer  [>eriods  of  darkness  and  have  thereby  investigated  the  nature 
of  the  response  and  recovery  curves.  They  have  paid  Uttle  or  oo 
attention  to  the  general  rise  or  fall  of  potential  after  stated  periods  of 
exposure.  Hence  we  have,  in  general,  exposed  an  excised  eye  to  a 
certain  portion  of  the  spectrum  for  from  four  to  five  minutes  and  then 
have  waited,  the  eye  being  screened,  for  an  equal  or  longer  period  of 
time,  before  t^ain  exposing  to  a  different  portion  of  the  spectrum. 
The  general  method  of  procedure  has  been  to  investigate  the  end  changes 
in  potential  difference  after  alternate  exposures  to  long  (e.g.,  red) 
and  short  (e.g.,  blue)  visual  radiant  energy.  In  our  investigations  on 
the  effects  of  exposure  to  a  color  complementary  to  that  used  imme- 
diately preceding,  we  have  made  our  experiments  after  the  eye  had  been 
in  use  for  some  time  and  had  ceased  to  show  appreciable  variations  in 
response,  hence  may  be  conoeived  to  have  been  fatigued  to  a  given 
color.  In  the  experiments  of  Waller  we  are  led  to  believe  that  the 
responses  to  red,  green,  etc.,  were  taken  rather  rapidly  one  after  the 
other. 

6.  Sources  of  error.  I.  In  all  such  experimentation  it  is  necessary  to 
apply  across  the  cornea  and  optic  nerve  trunk  a  compensating  elec- 
tromotive force  to  annul  the  current  of  injury.  If  is,  of  course,  possible 
that  this  current  decays  with  time  or  reverses  its  direction.  To  obviate 
this  trouble  we  waited  some  little  time  before  commencing  our  obser- 
vations. Repeated  series  of  observations  with  different  eyes,  the  order 
of  exposure  to  different  radiations  being  considerably  changed,  aided 
in  the  eradication  of  false  conclusions  due  to  such  an  error. 

2,  The  fact  that  the  electrodes  may  be  polarizable,  whereas  they 
should  be  absolutely  non-polarizable.  The  usual  form  of  clay  boots 
with  zinc  and  zinc  sulphate  were  used.  These  are  presumably  the  best 
known. 

3.  The  effects  due  to  mechanical  pressure  and  jar.  It  has  been 
found  that  mechanical  pressure,  etc.,  will  modify  or  reverse  the  char- 
acter of  responses.  Extreme  care  was  exercised  to  prevent  such  pres- 
sures or  jars. 
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4.  Condition  of  the  eye.  The  normal,  fresh,  uninjured  eyeball 
gives  entirely  different  types  of  response  as  compared  with  the  partially 
injured  or  moribund  eye. 

5.  The  periodic  variations  of  the  sensitive  galvanometer  used.  A 
type  of  galvanometer,  such  as  the  Thomson,  when  highly  sensitive  is 
subject  to  shifts  of  the  zero  in  a  rather  rhythmic  fashion.  Naturally 
the  repeated  sets  of  observations,  referred  to  above,  aided  in  the  elimi- 
nation of  this  source  of  error.  We  refer  to  this  source  of  error  in  par- 
ticular, since  some  of  the  curves  presented  in  this  paper  mi^t  be 
accounted  for  in  their  forms  by  this  rhythmic  variation  of  galvan- 
ometer swing  were  it  not  for  the  fact  t^at  several  seta  of  observations 
showed  that  no  such  result  was  possible. 

6.  Fluctuations  in  the  arc  used. 

AU  these  sources  of  error  would,  however,  be  likely  to  be  present  or 
absent  in  greater  or  lesser  degree  in  each  different  eye  tested  on  dif- 
ferent days  and  hence  cannot  vitiate  the  general  results  of  the  experi- 
ments to  be  described  below. 


a.  The  form  of  the  photo-electric  reactions  to  the  intttol  light  stimuli  ^ 
different  wave4engths.  A  freshly  excised  dog  eye  was  taken  and,  after 
preliminary  arrangements,  was  initially  exposed  to  a  r^on  of  the 
plectrum  such  that  \5900  (sodium  Une)  fell  upon  the  center  of  the 
pupil.  The  total  time  of  exposure  was  four  minutes.  The  plotted 
results  are  shown  in  figure  3;  in  this  figure  the  ordinates  represent 
electromotive  forces  and  the  abscissas  the  time  in  seconds.  The 
maximum  value  of  the  response  to  yellow  light  taken  at  any  point  on 
this  curve,  as  judged  with  respect  to  its  own  minimum,  is  practically 
20  divisions  or  -|-  0.0032  volt.  The  reason  for  the  recurrent  maxima, 
as  A,  B,  C,  etc.,  in  figure  3,  will  he  discussed  later.  The  difference 
between  the  initial  electromotive  force  (just  before  exposure,  which 
was  zero)  and  the  final  zero  or  reading  after  four  minutes  is  +  10 
divisions  or  +  0.0016  volt.  The  eye  was  then  screened  from  the  radia- 
tion but  the  process  apparently  continued  such  that  in  the  end  the  final 
reading  after  six  minutes  of  darkness  was  30  divisions  abovi>  the  initial 
zero  or  +0.0048  volt.  The  lines  drawn  through  the  points  A,  B,  C, 
etc.,  and  the  minimum  points  Z>,  E,  H,  etc.,  are  parallel  and  show  the 
gradual  rise,  from  the  fiducial  or  arbitrary  balance  point,  of  the  poten- 
tial difference  under  exposure  to  the  yellow  (sodium  light)  region  of  the 
spectrum.    This  would  indicate  the  constant  growth  of  a  positive  elec- 
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tromotive  force  independent  of  the  superpoeed  maxinium  responseB. 
It  will  also  be  noticed  that  in  no  infltance  is  there  a  return  to  the  initial 
zero,  nor  ^oin  any  fluctuation  indicating  a  reversal  of  sign  in  current 
or  potential  difference:  this  would  be  indicated  on  the  plot  by  experi- 
mental values  below  the  original  lero  point. 

In  contradistinction  to  these  results  obtained  with  X5900,  figure  4 
shows  the  form  of  responses  and  potential  differences  when  another 
freshly  excised  eye  was  initially  exposed  for  four  and  a  half  minutes  to 
the  violet  X4310.  The  color  represented  by  this  wave-length  is  rou^y 
complementary  to  that  of  X5900,  the  effects  of  which  have  been  de- 
scribed in  conjunction  with  figure  3.    The  maximum  value  of  the 
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Fig.  3.  Potential -time  curve  due  to  atimulation  by  X9900 

electrical  response  to  X4310  (at  center  of  pupil)  taken  at  any  point  dur- 
ing the  first  two  or  three  minutes  as  judged  with  respect  to  its  own 
minimum  is  practically  —15  divisions  or  —0.0024  volt.  The  differ- 
ence between  the  initial  electromotive  force — which  was  zero  under 
the  compensating  potential  device — and  the  final  reading  after  four 
minutes'  exposure  was  practically  —15  divisions  or  —0.0024  volt. 
The  eye  was  then  screened  from  radiation  and  the  end  reading  (after 
six  minutes'  rest)  obtabed,  indicating  a  total  difference  between  the 
initial  and  the  end  reading  (over  the  whole  period  of  time)  of  — 12 
divisions  or  —0.0019  volt.  This  is  less  than  the  general  indicated 
difference,  up  to  three  minutes'  exposure,  of  —0.0024  volt.    However, 
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the  concluding  portioQ  (from  abscisBa  180  to  270  secondB)  showa  a 
tendency  for  the  contrary  or  opposite  electrical  effect  (?)  to  exert  itself 
more  pronouncedly.  The  lines  drawn  throt^  the  points  A,  B,  C 
and  the  maximuni,  electrically  conudered,  points  D,  E,  and  F  are 
parallel  and  show  a  gradual  /a/!  from  the  arbitrary  balance  starting- 
point  luider  exposure  to  X4300.  This  would  indicate  the  growth  of  a 
negative  electnanotive  force  independent  of  the  superinduced  fluctua^ 
tions  giving  rise  to  maxima  and  minima.  It  is  also  to  be  noted  that 
there  is,  with  one  or  two  exceptione,  no  return  to  the  initial  zero  nor 
any  indications  that  there  is  a  reversal  of  sign  of  potential  difference  or 
current  except  in  the  latter  part  of  figure  4. 
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Fig.  4.  Potential -time  curve  due  to  stimulation  by  A4310 


By  com[>arison  therefore  we  find  that  X5890  produced  positive  poten- 
tial differences  and  positive  currents  as  well  as  a  ffradual  rise  in  the  zero, 
i.e.,  the  positions  of  the  minima  in  the  various  fluctuations  observed, 
in  a  positive  direction:  X4310,  roughly  the  complement  of  X5890,  pro- 
duced Tiegative  electromotive  forces  and  a  ffradual  decline  (positively 
considered)  or  gradual  increase  (negatively  considered)  in  the  position 
of  the  arbitrary  zero  point  in  a  negative  direction.  In  the  case  of 
exposure  to  X5890  the  fluctuations  of  potential  difference  are  ^ways  in 
such  a  direction  that  the  maxima  indicate  increased  positive  potentials 
at  the  nerve,  with  returns  to  minima  which  are  still  always  poratively 
above  the  fiducial  zero.  In  the  case  of  exposure  to  X4310,  however,  the 
fluctuations  of  potential  difference  are  always  in  a  direction  indicative 
of  increased  positive  potentials  at  the  retina,  hence  reversed  potentials 
as  compared  with  the  first  named  set  of  conditions. 
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b.  The  forms  of  the  retinal  responses  produced  by  aeriaiim  e 
light  slimttli  of  different  wave-lengths.  Figures  3  and  4  give  initial  efFeots 
in  two  different  eyes.  In  figure  5  have  been  plotted  aeriatim  the  results 
obtained  by  exposure  of  the  same  eye  to  X5d00,  first,  for  a  period  of 
four  minutes,  a  period  of  six  minutes'  rest,  and  a  second  exposure  to 
the  blue-violet  X4860,  the  complementary  color  to  X5000,  for  a  period 
of  four  minutes.  The  same  general  concluaons  are  to  be  drawn  from 
tJie  seriatim  exposures  as  from  the  individual  exposures  in  separate 
eyes.  In  the  case  of  exposure  to  X58d0  there  is  a  maximum  rise  of 
electromotive  force  in  a  positive  direction  of  0.003  volt:  the  difference 
between  maxima  and  minima  in  the  fluctuations  of  potential  is  0.0(K24 
volt  (practically) :  there  is  a  steady  rise  in  the  permsnent  electromotive 
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Fig.  S.  Potential -time  curve  due  to  stimulation  by  X5S90  for  four  minute! 
followed  by  fltimulation  by  X4860  for  four  minutes. 

force  during  the  continuance  of  the  illumination  amounting  to  about 
0.0012  volt.  After  the  six  minutes'  rest,  the  initial  exposure  to  X4S60 
produced  but  slight,  although  decreasing,  potential  effects  during  the 
first  25  seconds,  to  be  immediately  followed  by  an  increased  electro- 
motive force  in  an  opposing  direction  such  as  to  carry  back  the  posi- 
tive potential  established  under  illumination  by  X5890  toward  the 
initial  zero.  The  conflict  of  the  two  processes  is  very  clearly  indicated 
in  the  record  of  the  responses  to  X4860.  The  curve  as  a  whole  shows 
the  establishment  of  a  contrary  electromotive  force  as  compared  with 
that  estabhshed  by  X5890;  a  decided  reaction  to  X4860  at  the  end  of 
25  seconds'  exposure  and  the  gradual  decrease  of  the  positive  potential 
difference    established    undei    stimulation    by   X5890.     Furthermore, 
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both  these  curves,  as  well  as  others  obtuned  by  us  (also  see  curve  by 
Waller,  Signs  of  Life,  p.  26)  show  the  first  pr<mounced  effect  to  Ught 
stimuli  after  25  to  35  seconds  of  exposure. 

Figures  6  and  7  present  in  graphical  form  the  experimental  results 
obtained  when  an  eye  was  exposed  to  luminous  stimuli  of  various  wave- 
lengths seriatim.  The  manner  of  procedure  in  obtaining  these  curves 
was  as  follows:  A  fresh  eye,  an  hour  after  excision,  was  connected  into 
tiie  galvanometer  circuit  and  the  galvanometer  needle  brought  back 
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the  poteatial  effects  of  aerUtim  expoiures  to 


to  its  original  zero  through  the  agency  of  the  compensating  potential 
device.  The  eye  was  then  exposed  to  a  certain  region  of  spectral 
enei^  for  four  minutes  after  which  the  eye  was  again  stimulated  by 
luminous  energy  of  entirely  different  wave-length.  This  process  was 
continued  over  several  such  steps  in  the  case  of  each  eye  investigated. 
The  initial  stimulation  was  obtained  from  entirely  different  sjwctral 
regions  in  the  four  curves  presented  in  figures  6  and  7.  These  curves 
are  plotted  with  the  abscissae  indicating  the  region  of  light  stimulation: 
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the  ordinates  represent  the  change  in  potential  as  registered  by  the 
galvanometer  at  the  end  of  each  cycle,  namely  the  four  minutes  of 
exposure  and  the  six  minutes  of  rest.  The  order  of  stimulation,  and 
regions  used  therefor,  are  indicated  by  the  serial  numbers  /,  g,  etc., 
or  by  letters  o,  6,  c.  In  curve  /,  figure  6,  for  example,  the  eye  was 
stimulated  by  light  of  average  (i.e.,  striking  the  center  of  the  pupil) 
wave-length  X5890  (sodium  yellow).  ITie  potential  after  four  minutes' 
exposure  and  six  minutes'  rest  had  risen  to  0.0049  volt  as  indicated 
at  the  point  marked  1.  The  eye  was  then  stimulated  by  X4860  for  the 
same  length  of  time  and  occluded,  when  the  potential  was  found  to 
have  dropped  down  from  0.0048  to  zero.    Exposure  to  X5300  reversed 
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Fig.  7.  Summariied  results  of  the  potential  effects  of  Beriatim  exposures  to 
various  wave-lengths. 

the  potential  and  gave  —0.007  volt;  X4350  carried  the  final  reading  to 
-0.0028  volt;  stimulation  by  X6500  reduced  the  potential  to  -0.0016 
volt  or  carried  it  back  toward  the  initial  zero  point;  X5500  increased 
the  negative  potential  and  X4800  carried  it  to  -0.0038  volt,  at  which 
point  the  experimentation  was  discontinued.  In  curve  II  of  this 
figure,  the  initial  stimulus  was  furnished  by  X5250  (green)  and  ulti- 
mately gave  a  negative  potential  increase  of  —0.0016  volt  indicated 
by  the  point  a.  Exposure  to  X6563  (red)  reversed  the  potential  and 
gave  a  final  value  of  0.00032  volt;  X4860  reversed  it  and  carried  it  back 
to  —0.0024  volt  and  so  on.    The  points  marked  d  and  e  were  dual 
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exposures  to  X6000  and  indicate  that  the  second  exposure  to  the  same 
wave-length  produced  no  further  changes  in  potential.  In  fact  the 
galvanimieter  needle  remained  practically  quiescent  durit^  the  whole 
of  the  second  stimulation  by  X6000. 

It  is  of  interest  to  note  that  in  curve  /  X4860  (point  2)  is  practically 
the  complement  of  X5900  (point  1)  and  in  curve  II  X5250  (point  a), 
the  complement  of  X6563  (point  b),  and  that  in  each  of  these  cases  the 
potential  effects  due  to  one  are  practically  reversed  and  annulled  by 
those  due  to  the  second  member  mentioned.  The  maximum  potential 
effects  were  +0.0049  volt  for  X5890  and  -0.001'6  volt  for  X5250. 

Curves  ///  and  IV  of  figure  7  are  self-explanatory  in  view  of  the 
discussion  in  connection  with  figure  6. 

We  conclude,  therefore,  from  these  and  other  similar  sets  of  curves 
obtained,  that  there  is  evidence  of  two  processes  operating  in  the 
production  of  retinal  electrical  potentials  and  that,  in  general,  the 
shorter  wave-lengths  of  light  produce  negative  potentials  (from  retina 
to  nerve)  while  the  longer  wave-lengths  produce  podtive  potentials 
(from  nerve  to  retina). 

c.  Complementary  colors  and  reactions.  We  have  in  two  instances 
investigated  the  effects  of  luminous  energy  of  a  wave-length  approxi- 
mately complementary  to  the  spectral  region  last  used  to  stimulate 
the  eye,  under  the  condition  that  the  eye  had  been  under  experimental 
use  for  some  time  and  reached  the  stage  when  the  responses  to  stimula- 
tion were  of  a  minor  character  and  did  not  show  the  pronounced  and 
rapid  changes  of  potential  indicated  in  the  initial  stages  of  experimen- 
tation— such,  for  example,  as  diagranuned  in  figures  3  and  4.  The 
history  of  the  eye  from  which  figure  8  was  obtained  is  as  follows:  a, 
initial  stimulation  X5900;  b,  X4860;  c,  X6563;  d,  X5000;  e,  X4300,  involv- 
ing a  total  time  of  45  minutes.  Immediately  prewous  to  the  obtain- 
ing of  this  curve  the  eye  had  been  exposed  to  X4300  for  four  minutes. 
After  a  period  of  six  minutes  in  darkness  it  was  exposed  to  X5S90 
(sodiimi  light)  for  two  and  a  half  minutes.  Upon  "ironing  out"  the 
irregularities,  the  potential-time  curve  has  the  form  of  the  heavy  line 
A-B-C-D-E.  At  the  point  E  (after  2.5  minutes)  the  eye  was  stimu- 
lated with  X5370  (green)  and  the  general  rise  of  the  potential  posi- 
tively (i.e.,  irom  nerve  to  retina)  is  indicated  by  the  portion  of  the 
curve  E  F,  with  a  maximum  electromotive  force  of  +0.0020  volt.  The 
results  of  this  experimentation  indicate  quite  clearly  that  X5370  ia 
more  nearly  the  complement  of  X4300  than  is  X5890  and  that  X5370 
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produced  a  decided  chaise  in  potential  and  in  the  reverse  direction  as 
compared  with  the  immediately  preceding  stimulant,  X4300. 

Figure  9  gives  a  set  of  conditions  somewhat  the  opposite  of  those 
shown  in  figure  8.  After  five  exposures  to  various  portions  of  spectral 
illumination  in  the  manner  det-ailed  in  connection  with  the  discussion 
of  figure  8,  the  eyeball  was  exposed  for  four  minutes  to  X5890.  The 
further  excitation  under  X4300  produced  but  slight  effect  whereas, 
when  the  pupil  was  illuminated  with  X4860,  the  increase  of  negative 
potential  (i.e.,  from  retina  to  nerve)  is  decisively  indicated  in  the 
plotted  results.  Heiice  X4860,  the  complementary  color  to  X5890, 
produced  a  decided  chai^  in  potential  and  in  the  reverse  direction  as 
compared  with  the  immediately  preceding  stimulant. 
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Fig.  8.  Potential  efTects  due  to  previoiu  stimulation  by  X4300  followed  by 
Btimulation  with  X5890  and  X5370. 

These  facts  are  further  substantiated  in  a  general  way  by  the  results 
shown  in  figure  5,  in  which  a  stimulation  by  \5890  is  immediately 
followed  by  its  complementary  color,  X4860. 

d.  Possible  explanations  of  the  pronounced  maxima  and  minima  {or 
jlmiuations)  in  the  potefUial-time  relations  occurring  during  the  early 
stages  of  luminous  excitation.  1.  Rhythmic  varialums  of  sensitive  gal- 
vanometer system.  Attention  has  been  called  to  this  under  the  heading 
"sources  of  error."  Several  sets  of  observations  upon  the  "wandering 
of  the  zero"  of  the  galvanometer  needle  were  made  on  different  days 
and  evidenced  much  smaller  values  and  entirely  different  periods  as 
compared  to  the  effects  obtained  with  the  eye  under  stimulation. 
Furthermore,  a  comparison  of  the  results  obtained  in  the  initial  stages 
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of  experimentation,  e.g.,  ^ure  3,  with  those  obtained  during  experi- 
mentation with  the  same  eye  about  an  hour  later,  e.g.,  figure  8,  show 
that  galvan<»neter  periodicity  ici  not  an  appreciable  factor  and  cannot 
account  for  the  results  obtained. 

S.  Mixed  responses  charaderielic  of  transitional  changes.  Waller 
(15)  has  classified  the  responses  to  Ught  as  faUii^  into  three  groups, 
the  second  of  which  is  known  aa  the  transitional  type;  that  is  to  say, 
transitional  between  the  normal  and  the  compressed  or  partially 
injured  eye.  This  trandtional  type  of  response  gives,  according  to 
Waller,  potential-time  responses  which  bear  some  dmilarity  to  those 
under  discueaion.  It  is  possible,  of  course,  that  the  experimental 
device  used  by  us  may  have  caused  pressure,  but  extreme  care  was 
exercised  to  see  that  the  eye  rested  easily  on  its  support  and  the  rods 


Fig.  9.  PoUntisI  effects  due  to  previous  atimuUtion  by  X5890  followed  by  its 
com  piemen  tary,  X48fl0. 

carrying  the  electrodes  were  so  arranged  as  to  permit  of  contact  with- 
out any  pressure.  The  eyes  were  always  fresh,  hence  moribund  condi- 
tions and  changes  can  be  cast  out.  Very  suggestively  Waller  points 
out  the  composite  effect  of  the  superposition  of  two  opposite  and  pre- 
sumably synchronous  electromotive  forces.  In  nearly  all  the  curves 
obtained  by  us  we  found  that  the  first  appreciable  change  in  potential 
occurred  after  about  thirty  seconds'  exposure  and  that  during  the  first 
ten  to  twenty  seconds  there  was  some  hesitancy  in  response.  An 
inspection  of  Waller's  curves,  for  example,  shows  that  the  maximum 
potential  was  attained  in  about  half  a  minute.  Previous  experimenters 
do  not  appear,  however,  to  have  exposed  the  eye  continuously  for  sev- 
eral minutes  to  stimulation  but  have  preferred  to  alternately  expose 
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and  then  rest  the  eye;  hence  a  comparison  of  results  in  this  particular 
is  not  wholly  specious. 

S.  Fatigue.  That  which  is  to  be  presented  in  this  paragraph  may 
be  but  a  process  of  reasoning  from  analt^ous  visual  effects,  such  as 
after-images,  which  may  depend  for  their  explanation  upon  the  material 
presented  under  the  succeeding  subhead.  If  there  are  two  separate 
and  opposite  sources  of  electromotive  force,  as  seems  reasonable  from 
all  the  data  obtainable,  then  continuous  exposure  may  produce  a  cessa- 
tion of  or  fatigue  in  one  of  the  processes,  thereby  giving  the  opposite 
process  the  upper  hand.  Direct  exposure  of  a  living  eye  to  illumina- 
tion will,  when  carried  out  in  such  a  manner  as  to  prevent  a  wandering 
of  the  fixation,  produce  effects  analogous  to  those  fluctuations  which 
we  have  obtained.  By  fixedly  observing  a  brilliant  light  source, 
periods  of  cessation  of  luminous  sensation  will  occur  followed  in  a  few 
seconds  by  a  sensation  of  luminosity.  Likewise  the  phenomena  of 
positive  after-images  evidence  the  fact  that  there  are  marked  variations 
in  the  colors,  etc.,  of  the  images  seen.  For,  if  the  filament  of  an  in- 
candescent lamp  is  viewed  for  a  few  seconds  and  the  eyelids  then 
closed,  a  positive  image  of  great  distinctness  will  be  seen  which  will 
persist  for  some  time.  If  the  eyes  are  kept  closed  the  less  illuminated 
portions  of  the  image  disappear,  while  the  more  illuminated  parts 
change  color,  becoming  bluish,  etc.,  in  turn.  The  image  finally  dis- 
appears only  to  reappear  with  a  repetition  of  the  foregoing  series  of 
color  changes:  the  image  finally  reaches  a  state  of  decay  when  it  ap- 
pears darker  than  the  surroundings.  Negative  after-images,  which 
possess  the  complementary  colors  to  the  ordinal  stimulus,  may  be 
thought  of  as  fatigue  or,  again,  as  a  metabolic  change  of  opposite 
character  to  that  produced  by  the  original  stimulus.  The  excised  eyes 
used  in  our  experimentation,  being  fixed  and  hence  suffering  retinal 
irritation  and  stimulation  at  one  and  the  same  region  continuously, 
may  reasonably  be  supposed  to  have  undei^one  processes  of  fatigue 
and  hence  have  exhibited  "re-bounde"  similar  to  positive  after.inage 
"effects. 

4-  Polarization  effects.  The  action  of  luminous  stimulation  upon 
the  retina  must  lie'  without  doubt  in  the  ionization  processes  set  up  in 
the  -v-isual  receptor  cells.  What  these  processes  are  or  what  the  nature 
of  the  changes  produced  is  still  an  enigma.  However,  ionization  in- 
volves a  dissociation  into  positively  and  negatively  charged  atoms  and 
electrons.  A  stimulation  by  light  must,  therefore,  set  up  a  certain 
process  of  ionization  whereby  the  positive  ions  may  be  thought  of  as 
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moving  in  general  in  one  direction  and  the  negative  atoms  (if  such 
exist)  and  electrons  as  moving  in  opposite  directions.  Photo-electric 
activities  of  metals,  such  as  sodium,  show  a  discharge  of  negative  elec- 
trons under  the  action  of  l^ht,  the  rate  of  discharge  depending  upon 
the  metal  and  the  character  of  the  illumination.  However,  we  need 
not  think  of  motion  of  both  sets  of  ions  but  of  one  only,  for  example 
the  electrons,  and  that  membranes  and  tissues  are  more  permeable  to 
one  than  to  the  other  of  the  ionized  products.  We  may  suppose  that 
the  retinal  rods  and  cones  contain  certain  electrolytes  or  ionizable 
substances  which,  in  the  absence  of  light,  are  ionized  to  a  degree  de- 
pendent upon  the  equilibrium  constant  of  the  reversible  diaaociation 
action.  The  introduction  of  light  into  the  system  alters  the  value  of 
this  constant  by  increasing  the  rate  of  the  dissociating  change  without 
affecting  that  of  re-association.  It  seems  not  improbable,  therefore, 
that  the  passage  of  one  set  of  charged  particles  out  of  the  receptor  cells 
along  the  nerve  trunks  will  thereby  increase  the  potential  difference 
between  retina  and  nerve  and  cause  a  building  up  of  a  surplus  of  the 
second  kind  or  set  of  charged  products  of  the  ionization  process  which, 
by  accumulation,  will  inhibit  and  in  large  measure  sweep  out  the 
oppositely  charged  products  of  dissociation  when  the  concentration 
becomes  sufficient 

We  know  that  when  one  end  of  a  wire  is  placed  in  contact  with  the 
cut  end  of  a  nerve  and  the  other  is  touched  to  the  ininjuied  nerve 
sheath,  a  current  flows  from  the  sheath  to  the  cut  portion.  Hence 
the  former  is  positive  with  respect  to  the  latter.  The  Nemst-Lillie 
theory  explains  this  by  supposing  the  nerve  tissues  to  contain  an 
ionizable  substance  (or  substances)  the  positive  components  of  which 
(liffuae  through  the  sheath  more  readily  than  the  negative.  The  sheath 
has,  therefore,  a  differential  permeability  with  respect  to  ions.  When 
the  cut  end  of  the  optic  nerve  is  connected  by  a  wire  to  the  retina  we 
find  the  retina  to  be  more  negative  than  the  nerve  end  under  certain 
conditions  and  mce  versa  under  other  conditions  of  stimulation.  We 
must,  therefore,  it  seems  to  us,  postulate  the  existence  of  at  least  two 
ionizable  substances  in  the  receptor  cells.  One  of  these  substances 
must  give  maximum  ionization  effects  under  yellow,  for  example,  and 
the  other  similar  effects  under  blue-violet  stimulation.  For  one  of  the 
substances  the  negative  ions  of  the  receptor  cells  diffuse  more  readily 
than  do  the  positive  ones,  while  the  reverse  is  true  for  the  second 
substance. 
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Or,  again,  it  is  posEdble  to  look  at  the  results  from  a  different  point 
of  view,  assuming  only  the  oppofdng  action  of  potentials  set  up  at  the 
receptor  cells  and  the  nerve  fibers.  L.  T.  Troland  (16)  io  writing  on 
the  visual  receptor  process  says: 

It  is  evideat  that  if,  in  point  of  fact,  the  polariiation  of  the  receptor  cells  is 
opposite  to  that  of  the  nerve  fibres,  there  must  be  a  constant  tendency  (orthese 
two  tissue  elements  to  depolariEe  each  other,  at  their  junction.  In  the  case  of 
the  nerve,  such  depolarization  will  result  in  an  impulse,  whieb  will  pass  along 
the  fibre  to  the  brain  centers;  in  the  case  of  the  receptor  cells,  it  will  result  in  a 
momentary  increase  of  permeability  and  the  difTusion  of  a  certain  amount  of 
substance  through  the  cell  membrane  into  the  surrounding  medium.  After  any 
single  interaction  of  this  sort,  both  the  nerve  fibre  and  the  receptor  cell  will 
begin  to  recover  their  differential  permeability  as  soon  as  the  depolarization  haa 

reached  its  maximum The  reestablished  differential  permeability  and 

polarisation  of  the  nerve  fibre  consequently  is  maintained  until  the  differential 
permeability  of  the  receptor  cells  reaches,  in  the  course  of  its  recovery,  a  point 
at  which  the  resulting  receptor  polarization  is  again  able  to  neutralice  that  of 
the  nerve  fibre,  and  thus  to  cause  a  second  depolarization  of  the  latter.  This 
intermittent  action  will  obviously  continue  ad  infinitum,  if  the  electrolytes  of 
the  tissues  are  kept  at  the  requisite  concentrations. 

POSSIBLE   BEARING  OP  THIS  EXPBRIUENTATION  UPON  HERINo's  THBORT 
OP  COLOR    PERCEPTION 

The  Hering  theory  asmimes  the  existence  in  the  retina  of  three 
visual  substances,  a  whitish-black,  a  red-green  and  a  yellow-blue  sub- 
stance. In  each  pair  one  color  is  complementary  to  the  other.  The 
theory  also  assumes  that  the  different  colors  affect  the  different  sub- 
stances differently.  Red  stimulation  induces  a  katabolic  (dissimiiirui^) 
in  the  red^reen  substance,  giving  rise  to  a  sensation  of  red,  while  gredn 
light  gives  rise  to  a  constructive  or  anabolic  change  {assimilirung) 
in  the  same  manner,  producing  the  sensation  of  green.  In  the  same 
way  katabolic  changes  in  the  yellow-blue  substance  induced  by  yellow 
light  give  rise  to  the  sensation  of  yellow,  while  anabolic  changes  are 
induced  by  the  shorter  visual  wave-lengths  of  light.  These  theoretical 
considerations  of  anaboUsm  and  katabolism  find  their  experimental 
counterparts  in  the  positive  and  negative  potential  effects  produced  by 
various  wave-lengths  of  light  as  outUned  in  the  preceding  paragraphs. 
These  experiments  point  strongly  to  the  conclusion  that  there  are  two 
distinct  and  opposing  processes  which  may  be  designated  as  assimila- 
tion and  dissimilation. 
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In  figure  10  we  have  reproduced  a  diagram  from  Foster's  Text-Book 
of  Physiology  to  illustrate  the  Hering  theory  of  color  vision.  The 
line  r  g,  which  encloses  a  space  shaded  vertically,  is  intended  to  repre- 
sent the  effects  of  rays  of  different  wave-Iei^h  on  the  red-green  visual 
substance.  In  the  red,  orange  and  yellow,  up  to  X5800,  the  effect  is 
katabolic:  beyond  X5800  the  effect  is  anabolic  or  one  of  assimilation. 
Similarly,  the  line  y  b  represents  the  behavior  of  the  yellow-blue  sub- 
stance and  is  ^aded  horizontally  in  ^ure  10. 


Fig.  10.  Schema  illuBtrative  of  Hering's  color  theory 
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Fig.  II.  End  potential  etTecta  plotted  againat  wave-lengths  ot  light  showing 
the  similarity  of  potential  curves  to  those  demanded  by  the  Hering  theory. 

Figure  11  gives  a  r^Bum6  of  the  retino-nerve  potential  differences 
due  to  various  light  stimuli  obtained  from  various  sets  of  observatjona 
made  by  us.  A  few  data  have  been  cast  out  in  the  plotting  of  these 
curves,  otherwise  the  various  vi^lues  experimentally  obtained  have 
been  plotted  on  a  potential-wave-lengths  sheet.  The  curves  most 
nearly  fitting  the  points  have  been  drawn.  Their  similarity  to  the 
schema  of  the  Hering  theory  is  obvious. 
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In  coDclu^on,  we  have  been  desirous  of  repeating  portions  of  this 
investigation  uid  of  extending  the  researchea  to  include  experimeata- 
Uon  upon  living  animals,  thereby  hoping  to  get  more  definite  infor- 
mation upon  the  conditiona  (^  reaponae  in  living  eyes,  but  the  exigencies 
of  the  times  and  the  uncertainties  aurrouading  reaearch  work  have, 
up  to  the  preaent,  debarred  ua. 
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It  has  b«en  ehown  that  in  young  aoimalB  stunted  by  underfeeding 
certain  of  the  systems  and  organs  of  the  body  show  a  remarkable 
tendency  to  continue  their  growth,  others  remain  nearly  imchanged, 
while  still  others  lose  weight  to  a  variable  extent  (Aron,  '11  and  '14; 
Jackson,  '15b;  Stewart,  '16  and  '18fl).  The  object  of  the  present  paper 
is  to  show  the  changes  which  occur  in  the  weights  of  different  organs 
and  systems  of  the  body  in  albino  rats  kept  at  birth  weight  (about  5 
grams)  by  underfeeding  for  various  periods,  and  also  to  compare  these 
changes  with  those  previously  observed  in  larger  rats  during  various 
periods  and  degrees  of  stunting.  . 

Material  and  methods.  In  the  present  experiment  23  albino  rats 
(Mus  norvegicus  albinus)  were  used,  including  8  newborn  controls 
(5  males,  3  females)  and  15  test  rats  (8  males,  7  females).  The  sex 
and  body  weight  for  each  individual  rat  is  shown  in  table  1.  The 
letters  "St"  indicate  the  series;  the  number  preceding  the  decimal 
point  indicates  the  litter  to  which  the  rat  belongs  and  the  number 
following  the  decimal  point  designates  the  individual  rat. 

The  test  rats  were  stunted  from  birth  for  periods  ranging  from  11  to 
22  days  of  age  (average  16  days)  by  subjecting  them  to  repeated  periods 
of  fasting.  This  was  accompU^ed  by  removing  the  test  animals  from 
the  mother  at  successive  periods  as  described  in  a  previous  paper 
(Stewart,  '18a).  Under  normal  conditions  the  body  weight  of  the 
albino  rat  at  16  days  (the  average  age  of  the  test  rats  at  the  end  of  the 
experiment)  would  have  at  least  trebled  the  birth  weight.  Thus  the 
maintenance  at  birth  weight  for  this  period  represents  a  condition  of 
very  severe  inanition,  which  is  maintained  only  with  great  difficulty. 
Many  animals  died  during  the  course  of  the  experiment  and  were  not 
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utilized  on  account  of  the  poseibility  of  post  mortem  cbanKes.  The 
geueral  plaD  adopted  was  to  adjust  the  length  of  the  alternate  fasting 
and  nursing  periods  in  such  manner  as  to  keep  the  starved  individuals 

TABLE  1 
Individuat  data  for  the  albino  rala  used  in  the  eiperimenU 


B»«0. 

«..^>n>». 

.n.BW..aBT 

»««,T«*<,TO«T 

.« 

tranj 

«r*iiu 

JOM 

St  237.2 

Control  M 

4.9 

4,9 

0 

St  246.6 

Control  M 

5.0 

5.0 

0 

St  240.5 

Control  M 

5.1 

5.1 

0 

St23B.5 

Control  M 

5.4 

5.4 

0 

St  242.4 

Control  M 

6.9 

5.9 

0 

Averaie 

5.3 

5.3 

St  236.3 

TestM 

5.0 

4.8 

12 

St  203.6 

TestM 

4.1 

50 

■         14 

St  240.3 

TcBtM 

5.0 

5.0 

22 

St  240.11 

TeatM 

4.9 

5.0 

21 

St  240.7 

TestM 

4.8 

5.0 

18 

St  236. I 

TeatM 

5.3 

5.5 

14 

St  214.4 

TestM 

6.5 

5.7 

14 

St  235.8 

TeatM 

5.8 

5.8 

12 

A  er  ae 

5.0 

5.2 

St  238.1 

Control  F 

5.0 

50 

0 

St  240.1 

Control  F 

5.1 

5.1 

0 

Si  239.7 

Control  F 

5.5 

5.5 

0 

, 

5,2 

5,2 

St  215.5 

Teat  F 

5.0 

4.0 

11 

St  235.1 

TeetF 

4.8 

4.8 

12 

St  235.4 

TestF 

6.0 

5,0 

12 

St  239,10 

TestF 

5.4 

5,0 

20 

St  214.6 

TeatF 

5.5 

6.0 

13 

St  237.3 

Teat  F 

4-1 

5.1 

18 

St  214-2 

TeatF 

4.6 

5,1 

18 

Av 

4.9 

4.9 

practically  at  birth  weight.  In  this  respect  the  experiments  were  very 
successful  for,  as  is  evident  from  tables  I  and  2,  the  average  weights  of 
the  control  and  test  animals  are  nearly  equal. 
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TABLE  1 
Showinff  the  chanfM  in  average  body  Unglh,  tail  ratio  atut  wcigktt  of  the  various 
gyitemt  and  organs  in  albino  rals  held  at  constant  body  weight  by  underfeeding 
from  birth  to  IS  to  tt  days  of  age 


GroBB  body  weight, 

Net  body  weight. 

Body  length,  mm. . , 
Tail  ratio,  per  cent. 

Head,  grams 

Visceral  group. 

Integument,  grams. 

Musculature  and 
skeleton,  grams.. 

"Remainder,"  grams 

Testes,  grams 

Epididymis,  grams.. 

Eyeballs,  grams 

Brain,  grams 

Kidneys,  grams 

Spinal  cord,  grams... 

Stomach  and  intes- 
tines        (empty) 

Spleen,  grama 

Hypophysb,  grams, . 

Heart,  grams 

Pineal  body,  grams. 
Stomach  and  intes- 
tines (full)  grams. 

Thyroid,  grams 

Ovaries,  grams 

Lung,  grams 

Buprarenals,  grams. 

Liver,  grams 

Thymus,  grams 


50.4 
31.3 
1.04 


1.53 


0.0016 
0-024 
0.217 
0.0410 
0.035 


0.151 
0.012 

0.00056J  0.0 
0.031 
0.00038  ( 

0.334 


4.86 

4.04 
54,7 
43,6 

1.46 


0.060 
0.474 
0.0704 
0.061 


0.162 

0  Oil 
1   0.00047  ( 

0.031 
'  0.0003 


5.05 

4.85 
55.9 
41.9 

1.51 


0.501 
/).0837 
0.064 


+46 
+45 


+46 
+25 


+374 
+225 
+146 
+125 
+90 
+83 


0-155 

0.012 

i  0.00052 

0.031 


0.217 
0.016 
0.00067 


0.427 
0.00J3 
)  0.00116 
0.079 
0.0019 


0.352 
0,0013 
0.00110 


+40 

+33 
+29 
+26 
+21 


0.420 
0.0014 

o.ooiie 

0.089 
0.0020 
0.191 
0-0040 
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In  comparing  the  data  from  the  starved  individuals  with  those 
from  the  controls,  the  slight  difference  in  body  weight  (averse  about 
4  per  cent  less  in  the  test  animals)  has  generally  been  disregarded,  for 
the  rcBultaot  error  ie  anall  and  does  not  modify  the  main  coqcIuuodb 
based  upon  the  data  obtained. 

The  experiments  were  made  in  the  Institute  of  Anatomy,  University 
of  Minnesota.  The  warm  room  in  which  the  stunted  rats  were  kept 
while  fasting,  and  also  the  autopsy  technique  used  are  described  in  a 
previous  paper  (Stewart,  '18a).  The  net  "body  weight"  is  the  gross 
body  weight  less  the  weight  of  the  contents  of  the  alimentary  canal. 

For  economy  of  space  only  average  data  are  included  in  tables  2  and 
3.  However,  copies  of  the  original  individual  observations  will  be 
deposited  at  the  Wistar  Institute  of  Anat<miy  and  Biology,  Philadd- 
phia,  where  they  may  be  consulted  if  so  desired. 

Body  IsTigtk  and  tail  length.  Immediately  after  death  the  body  (nose- 
anus)  length  and  tail  length  of  each  rat  were  measured  and  recorded. 

Averages  of  the  individual  ratios  r; — ; — ; — -  — , ;  were  computed  from  the 
(body  length) 

data  thus  obtained  and  expressed  as  percentages  (table  2).  The  ratio 
of  tail  length  to  body  length  is  known  as  the  "tail  ratio." 

According  to  the  data  in  table  2,  the  body  length  of  the  rata  kept  at 
birth  weight  for  11  to  22  days  (57.0  mm.)  averages  11  per  cent  greater 
than  the  body  length  of  the  newborn  controls  (50.4  mm.).  This 
indicates  perastent  skeletal  growth  in  the  young  starved  rate  even 
though  no  increase  in  body  weight  was  permitted.  This  result  agrees 
with  the  previous  observations  by  Jackson  ('15b)  and  Stewart  ('18a), 
Continued  increase  in  body  length  during  stunting  by  underfeeding 
has  been  observed  not  only  in  the  rat,  but  also  in  calves  (Waters,  '08), 
and  in  dogs  (Aron,  '11).  Also  in  malnourished  children  a  strong  per- 
sistent tendency  to  growth  in  body  length  (skeleton)  has  been  noted 
by  Variot  ('07),  Birk  ('11),  Aron  ('14),  Hess  ('16)  and  others,  even  in 
cases  where  the  body  weight  is  stationary.  This  question  is  discussed 
more  fully  by  Jackson  and  Stewart  ('18). 

The  results  (table  2)  show  the  tail  ratio  to  be  considerably  higher  in 
the  test  than  in  the  control  rats.  There  is  an  apaprent  increase  in  the 
tail  length  from  a  normal  average  of  approximately  0.32  (31.7  per  cent) 
of  the  body  length  in  the  newborn  controls  (sexes  combined)  to  about 
0.42  (41.9  per  cent)  in  the  starved  individuals.  This  corresponds  to  an 
e  increase  of  about  46  per  cent  in  the  absolute  lei^th  of  the  tail, 
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as  compared  with  an  increase  of  II  per  cent  in  the  body  length.  It  is 
therefore  evident  that  while  the  body  continues  to  increase  in  length 
even  during  maintenance  at  birth  weight,  the  elongation  of  the  tail 
iinder  these  circumstances  continues  still  more  rapidly  than  that  of 
the  body,  thus  producing  relatively  long-tailed  individuals. 

Furthermore  the  data  (table  2)  show  the  tail  to  be  relatively  longer 
in  the  female  than  in  the  male  rat,  not  only  in  the  control  but  also  in 
the  test  animals.  Jackson  ('15b)  and  Stewart  ('18a)  likewise  noted 
the  tail  to  become  relatively  long  in  young  rats  held  at  maintenance, 
and  with  a  persistent  tendency  to  average  slightly  longer  in  the  female 
than  in  the  male. 

The  relative  elongation  of  the  tail  during  underfeeding,  although 
retarded  in  rate,  apparency  is  an  expression  of  the  normal  growth 
process,  for  according  to  Jackson  ('15b)  the  tail  ratio  of  the  albino 
rat  normally  increases  frcnn  an  average  of  0.36  (36  per  cent  of  body 
length)  at  birth  to  0.66  at  3  weeks,  and  is  slightly  greater  in  the  female. 

Head  and  body  porta.  The  weight  of  the  head  (table  2)  averages 
considerably  higher  in  the  test  rats  of  each  sex  than  in  the  ydunger 
controls  of  corresponding  body  weight.  The  combined  data  indicate 
an  increase  from  an  averse  of  about  1.04  gram  in  the  controls  to 
approximately  1.51  gram  in  the  test  rats,  an  increase  of  about  45  per 
cent.  As  will  be  evident  later,  the  increase  (0.47  gram)  can  be  attrib- 
uted only  partly  to  an  increase  in  the  weight  of  the  brain  and  eyeballs, 
The  extent  to  which  the  additional  excess  is  shared  by  the  integument, 
skeleton  and  musculature  is  uncertain  from  the  data  available,  for  no 
direct  observations  were  made  upon  these  parts  for  the  head  separately. 

In  older  and  larger  rats  underfed  for  various  periods  Jackson  ('15b) 
and  Stewart  ('18a)  noted  a  tendency  for  the  head  to  increase  in  the 
majority  of  instances,  even  when  the  body  weight  was  held  constant. 
In  general,  however,  the  changes  were  not  so  marked  as  those  observed 
m  the  present  series  of  young  individuals,  in  whom  the  intensity  of 
growth  is  relatively  much  stronger.  In  a  group  of  rats  stunted  by 
underfeeding  from  birth  to  3  weeks,  (body  weight  doubled),  the  aver- 
age  increase  in  the  weight  of  Che  head  was  16  per  cent,  as  compared 
with  normal  controls  of  the  same  body  weight  (Stewart,  'I8a).  This 
evidence  of  a  relatively  stronger  growth  tendency  in  the  head  region 
in  the  younger  animals  recalls  the  general  law  of  cranio-caudal  progres- 
sion in  growth  and  development,  as  formulated  by  Jackson  ('09). 

No  direct  observations  were  made  with  regard  to  the  weight  of  Uie 
trunk  and  extremities,  but  with  an  increase  in  t4ie  wei^t  of  the  bead 
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during  maintenance  of  constant  body  weight,  the  trunk  and  extreini- 
ties  collectively  have  necessarily  decreased  to  a  corresponding  extent. 

Visceral  group,  integument,  musculature  and  8k€leton,and  "remainder." 
The  weights  of  the  visceral  group  (including  abdominal  and  thoracic 
viscera,  spinal  cord,  brain  and  eyeballs)  and  of  the  integument  average 
considerably  higher  in  the  test  than  in  the  control  rats  of  corresponding 
body  weight,  the  average  increase  (sexes  combined)  amounting  to  46 
per  cent  for  the  viscera  and  25  per  cent  for  the  integument.  Also  the 
musculature  and  skeleton  together  show  a  slight  excess  weight  in  the 
stunted  animals  in  this  case,  however,  amounting  to  only  6  per  cent. 
The  extent  to  which  the  change  is  shared  by  the  skeleton  and  the 
tnueculature  individually  is  uncertain  for  in  this  series  the  two  were 
not  weighed  separately. 

The  "remainder"  is  obtained  by  deducting  the  weight  of  the  int^u- 
ment,  viscera,  skeleton  and  musculature  from  the  net  body  weight. 
It  thus  includes  sahvary  and  lymph  glands,  tongue,  oesophagus,  fat 
and  body  fluid  but  not  the  intestinal  contents.  A  marked  loss  in 
we^ht  of  the  "remainder"  has  occurred  during  underfeeding.  The 
data  indicate  a  decrease  from  an  avenge  of  1.52  gram  in  the  controls 
to  0.63  gram  in  the  test  rats  of  corresponding  body  weight,  a  loss  of 
about  59  per  cent.  'J  he  loss  suffered  by  the  "remainder"  practically 
ciHnpensates  for  the  combined  increase  observed  for  the  above  men- 
tioned systems  (correction  being  made  for  difference  in  average  body 
weight). 

A  review  of  the  hterature  dealing  with  the  effect  of  inanition  in 
general  upon  the  parts  and  systems  as  well  as  the  individual  oi^ans  of 
the  body  in  the  rat  and  other  animals  is  given  by  Jackson  ('15a,  '15b) 
and  Stewart  ('16,  '18a).' 

Organs  gaining  weight  during  fasting.  From  the  data  in  table  2,  it  is 
evident  that  a  considerable  number  of  organs  show  a  remarkable  tend- 
ency toward  continued  growth  in  weight  in  young  rats,  even  when  an 
increase  in  body  weight  is  prevented.  The  organs  are  arranged  in 
order  of  their  growth  intensity  when  the  body  is  held  at  birth  weight 
in  the  first  column  of  table  3.  The  moat  striking  growth  is  noted  in  the 
case  of  the  testes,  epididymis,  eyeballs  and  hrain,  the  increase  in  the 

'StatemeDtB  in  regard  to  the  "remainder"  after  long  perioda  of  fasting  (Stew- 
art, '18&)  should  be  changed  to  agree  with  the  data,  the  latter  being  correct  aa 
published.  Thus  on  page  328,  line  8,  "higher"  should  be  changed  to  "lower." 
AtBoonpage331.ItQe6,  change  "six"  and  "ten"  to  "three"  and  "aix"  (weeka  of 
ftge,  etc.),  respectively. 
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weight  of  these  organs  amounting  to  374,  225,  146  and  125  per  cent 
respectively.  Of  the  other  organs,  the  kidneys,  spinal  cord,  empty 
stomach  and  intestines,  spleen,  hypophj-eis,  heart  and  pineal  body 

TABLE  3 

Changes  in  weight  of  orgam  in  underfed  albino  rati  compared  with  normal  al  same 
body  weight 


Epididymis 

Eyeballs 

Kidneys 

Spinal  cord 

Vise,  group 

Head 

Stomach  and  intestines. 

Spleen 

Hypophyais 

Heart 

Integument 

Pineal  body    

Thyroid  gland 

Skeleton       '1 

Musculature/ 

Ovaries 

Suprarenals 

Thymus 

"Remainder" 


+374 

+225 
+  146 
+  125 
+90 
+83 
+46 
+45 
+40 
+33 


+26 

+25 
+21 


+188 
+95 
+41 
+60 
+21 
+70 
+28 
+16 
+17 


+10 
+8 
+83 


+36 
+0,9 


+24 
+27 


+24 
+10 

+54 


-42 
1+18 


+28 

+3 


F  +10 
M  -15 


M  +36 
F  +66 
+28(?) 


Note.  The  data  in  the  first  colur 


also  increase  in  weight  considerably  during  maintenance  of  constant 
body  weight  from  birth,  the  average  percentages  of  increase  being  90, 
83,  40,  33,  29,  26  and  21  per  cent  respectively.     The  integument  with 
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an  increase  of  25  per  cent  and  the  Btomacb  and  inteatines  including 
contents  with  an  increase  of  19  per  cent  also  lielong  to  this  group. 

The  empty  stomach  and  intestines  show  an  increase  from  0,155 
gram  in  the  controls  to  0.217  gnun  in  the  test  rats,  a  gain  of  about  40 
per  cent.  When  the  contents  are  included  with  the  stomach  and  intes- 
tines there  is  an  apparent  increase  in  the  starved  rats  from  a  normal 
average  of  0.352  gram  to  0.420  gram,  the  increase  amounting  to  about 
19  per  cent.  The  smaller  gain  recorded  for  the  full  than  for  the  empty 
stomach  and  intestines  is  evidently  due  to  the  fact  that  the  we^ht  of 
the  intestinal  contents  remained  practically  unchanged  during  the 
underfeeding,  increasing  from  a  normal  average  of  0.197  gram  to 
0.203  gram  in  the  test  rats,  a  gain  of  only  about  3  per  cent. 

In  the  case  of  the  pineal  gland  the  apparent  increase  of  21  per  cent 
in  the  ti«t  rats  may  be  somewhat  questionable,  especially  when  the 
extremely  small  size  of  the  organ  is  taken  into  consideration.  Very 
small  errors  in  technique  of  removal  and  wei^ng  the  organ  may  be 
responsible  for  the  apparent  increase  in  its  weight. 

On  the  whole,  however,  it  is  evident  that  during  the  severe  inanition 
required  to  hold  the  body  at  birth  weight  the  above  mentioned  oi^ans 
continue  to  increase  in  weight  at  the  expense  of  other  parts  of  the  body. 
In  some  instances  the  increase  accomplished  during  starvation  is 
very  r^narkable. 

Organ-i  remainiTig  itearly  amttant  in  weight  during  fasting.  In  a 
smaller  group  of  organs  (see  table  2)  there  is  practically  no  growth  in 
the  rats  kept  at  birth  weight.  The  percentage  increases  (table  3,  first 
oolumn)  are  as  follows:  ti'yroid  gland,  8;  ovaries,  5;  suprarenals,  5; 
and  lungs,  8  The  skeleton  and  musculature,  which  t<^ther  &how 
an  increase  of  6  per  cent,  also  belong  in  this  group.  The 'average 
weights  for  these  oigans  differ  from  those  for  the  control  animals  by 
less  than  10  per  cent  although  in  each  case  the  aven^  small  difference 
indicates  a  slight  apparent  increase  in  weight  of  the  corresponding  organ. 

Organs  losing  weight  during  fasting.  Of  the  organs  weighed  individ- 
ually, only  two,  the  liver  and  thymus  (tables  2  and  3)  were  observed 
to  lose  in  weight  in  the  rats  kept  at  birth  weight.  The  average  data 
(sexes  combined)  indicate  a  loss  of  23  per  cent  for  the  liver  and  49  per 
cent  for  the  thymus.  As  previously  noted,  the  greatest  loss  is  found 
in  the  "remainder"  (decrease  of  59  per  cent)  which,  together  witii  that 
of  the  liver  and  thymus,  must  counterbalance  the  gain  in  the  otiier 
parts  of  the  body  since  the  body  weight  is  held  approximately  constant. 
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On  comparing  the  results  of  the  present  experiments  with  those 
previously  obtained  in  similar  experiments  upon  older  and  larger 
animals  a  more  complete  survey  than  was  hitherto  available  is  obtained 
of  the  weight  changes  which  occur  amoi^  the  various  organs  and  parts 
of  the  body  at  various  ages  during  inanition.  This  comparison  brings 
out  very  strikingly  the  changing  reaction  undergone  by  the  various 
individual  organs  at  different  ages  when  the  individual  is  stunted  in 
growth  by  underfeeding.  The  extent  and  character  of  this  change 
for  individual  organs  and  systems  is  so  well  diown  in  table  3  that  a 
detailed  discussion  of  the  individual  organs  is  unnecessary.  Special 
attention  is  called  to  certain  points,  however. 

The  visceral  group  as  a  whole  averages  46  per  cent  increase  in  weight 
in  the  rats  held  at  birth  weight,  as  shown  in  column  1  of  table  3.  At 
later  ages,  and  with  longer  periods  of  underfeeding  (as  shown  in  the 
successive  columns  of  table  3)  the  tendency  of  the  visceral  group  to 
increase  persists,  but  becomes  weaker.  In  the  rats  underfed  beginnii^ 
at  the  age  of  3  weeks  (last  two  columns  of  table  2),  the  visceral  group 
barely  holds  its  own  in  weight.  In  comparison  with  this  general  trend 
in  the  visceral  group,  the  individual  organs  show  great  variability. 

The  testes  show  a  ronarkable  increase  of  374  per  cent  in  rats  kept 
at  birth  weight  for  various  periods.  In  later  periods  of  underfeeding 
the  tendency^  increase  in  the  weight  of  the  testes  is  progressively 
weaker,  while  in  rats  weighing  approximately  50  grams  at  400  days  a 
loss  of  42  per  cent  is  recorded.  Other  oi^ans,  like  the  epididymis, 
brain,  kidneys  and  alimentary  canal,  during  the  earlier  periods  of 
underfeeding  exhibit  a  marked  growth  capacity,  but  htter  (like  the 
visceral  group  as  a  whole)  are  barely  able  to  maintain  themselves,  or  in 
some  cases  actually  suffer  a  loss  in  weight,  under  the  conditions  of  the 
experiment.  The  eyeballs  and  spinal  cord,  however,  not  only  increase 
markedly  in  weight  in  the  younger  underfed  groups,  but  also  tend  to 
maintain  strong  growth  tendencies  witii  considerable  persistency, 
even  in  the  older  groups.  The  thymus  at  all  periods  ^ows  a  marked 
loss  in  weight  during  underfeeding,  while  the  other  oi^ans  are  variable. 

The  above  mentioned  increases  in  the  weights  of  various  organs 
and  parts  of  the  body  during  underfeeding  have  been  observed  to  be 
accompanied  also  by  continued  structural  development  of  apparently 
nonnal  character.  Thus  in  the  case  of  the  ^eleton  (Jackson,  '15b 
and  Stewart,  '18a)  continued  growth  during  stunting  has  been  shown 
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to  be  accompanied  by  continued  development  of  apparently  normal 
character  (increasing  proportion  of  solids,  formation  and  fusion  of 
epiphyses,  development  of  third  molar  teeth).  A  progressive  differ- 
entiation of  the  integument  and  external  ear  and  opening  of  the  eyelids 
before  reaching  the  body  weight  at  which  this  normally  occurs  has  also 
been  noted  in  young  rats  stunted  by  underfeeding  (Stewart,  'I8a). 
The  growth  of  the  brain  under  similar  conditions  is  likewise  accom- 
panied by  normal  differentiation  of  the  parts  as  shown  by  the  relative 
weight  of  the  various  segments  (Stewart,  '18b). 

While  the  growth  tendencies  of  the  skeleton  and  musculature  are 
apparently  weaker  in  the  present  series  held  at  birth  weight  than  in 
subsequent  periods,  the  integument  and  the  visceral  group  show  de- 
cidedly stronger  growth  capacities  than  at  later  periods  of  underfeeding 
(see  table  3).  A  relatively  enormous  growth  capacity  is  exhibited  by 
certain  organs  during  this  earliest  period.  In  older  and  larger  rats 
considerable  growth  haa  previously  been  observed  in  the  case  of  certain 
organs  during  underfeeding,  but  such  remarkable  chains  as  found  in 
the  present  series  (rats  kept  at  birth  weight)  with  increase  of  374, 
225  and  146  per  cent  (testes,  epididymis  and  eyeballs  respectively) 
have  not  hitherto  been  observed.  As  a  general  rule  it  appears  that  in 
most  cases  the  growth  tendency  of  organs  during  underfeeding  is 
strongest  during  the  youngest  stages. 

When  individual  organs  are  conmdered,  however,  it  will  be  noted 
that  there  are  some  exceptions  to  this  rule.  For  extmiple,  the  liver 
shows  a  loss  of  23  per  cent  in  rats  kept  at  birth  weight  (11  to  22  days) 
whereas  in  underfed  animals  weighing  10  and  15  grams  at  3  and  10 
weeks  of  age  there  is  an  increase  of  17  and  64  per  cent  respectively. 
Also  in  the  case  of  the  ovaries  and  suprarenals  there  is  apparently  a 
lower  growth  tendency  noted  in  the  youngest  group  as  compared  with 
the  marked  increase  found  at  3  and  10  weeks  of  age  in  rats  weighing 
10  and  15  grams,  respectively.  Other  organs,  such  as  the  spleen  and 
lunge,  are  somewhat  irregular. 

In  comparing  the  results  of  the  present  experiment  with  earlier 
investigations  on  the  effects  of  underfeeding  at  later  periods,  the  fol- 
lowing generalizations  seem  justified.  The  "remainder"  suffers  a' 
very  heavy  loss  in  rats  held  at  birth  weight  by  underfeeding,  while  the 
skeleton  and  musculature  show  a  very  feeble  gain  as  compared  with 
the  tendency  at  somewhat  later  periods.  The  tendency  of  continued 
growth  in  the  integument  and  visceral  group  during  inanition  is  stronger 
in  newborn  rats  than  in  older  and  larger  animals  subjected  to  similar 
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conditions.    This  question  ie  discussed  in  greater  detail  in  the  paper 
by  Jackson  and  Stewart  ('18). 

The  number  of  individual  viscera  showing  an  increase  in  weight 
during  underfeeding  is  greater  in  the  young  rats  tiian  at  later  periods. 
While  most  of  the  individual  organs  (like  the  group  as  a  whole)  show  a 
decreasing  intensity  of  growth  at  later  periods  of  underfeeding,  there 
are  several  exceptions  to  the  rule,  as  previously  not«d. 


1.  The  we^ts  of  the  various  organs,  systems  and  parts  of  the 
body  were  studied  in  8  newborn  controls  and  15  test  rats  kept  at  birth 
weight  by  underfeeding  for  periods  ending  at  11  to  22  days  of  age. 

2.  The  underfed  newborn  rats  become  relatively  long-tailed  indi* 
viduals,  as  previously  found  in  similar  experiments  on  older  animals. 

3.  During  maintenance  at  birth  weight  the  head  increases  about 
45  per  cent  in  weight,  compensated  for  by  a  corresponding  decrease  in 
the  trunk  and  extremities.  This  is  also  similar  to  the  results  at  later 
stages. 

4.  The  visceral  group  increases  46  per  cent,  the  integimient  25  per 
cent  and  the  musculature  and  skeleton  (together)  6  per  cent  in  the 
test  rats,  counterbalanced  by  a  corresponding  decrease  of  59  per  cent 
in  the  "remainder."  The  integument  and  visceral  group  thus  show 
much  stronger  growth  tendencies  than  in  similar  underfeeding  experi- 
ments at  later  ages.  The  musculature  and  skeleton  have  apparently 
weaker  growth  tendencies  than  later,  while  the  loss  in  the  "remainder" 
is  relatively  greater  than  at  later  periods. 

5.  The  individual  organs  in  the  test  rats,  as  compared  with  those 
in  newborn  rats  of  corresponding  weight  show  the  following  percentage 
increases  in  weight:  testes,  374;  epididymis,  225;  eyeballs,  146;  brain, 
125;  kidneys,  90;  spinal  cord,  S3;  stomach  and  intestines  (empty) 
40;  spleen,  33;  hypophysis,  29;  heart,  26;  pineal  gland,  21;  stomach 
and  intestines  (with  contents),  19. 

In  the  rats  kept  at  birth  weight  the  thyroid  gland,  ovaries,  1uim?s 
and  suprarenals  remain  practically  unchanged  in  weight  (gain  of  8, 
5,  5  and  3  per  cent  respectively);  whereas  the  liver  and  thymus  suffer 
a  loss  of  23  and  49  per  cent  respectively. 

6.  These  changes  in  rats  held  at  birth  weight  by  underfeeding  re- 
semble in  general  those  previously  found  in  somewhat  larger  and 
older  stunted  animals  (Jackson,  '15b;  Stewart,  '18a;  Jackson  and  Stew- 
ajt,  '18).     Certain  differences  appear,  however,  as  shown  in  table  3. 
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In  a  previous  communication  (1)  we  ^owed  that  the  subcutaneouB 
injection  in  dogs  of  sahne  extracts  of  several  different  organs  was  fol- 
lowed in  each  case  by  an  increase  in  the  gastric  secretion.  Extracts 
made  from  the  adrenal  and  pituitary  glands  alone,  of  those  tested, 
inhibited  the  gastric  secretion  both  before  and  after  the  injection  of 
the  stimulant  extracts. 

These  extracts  were  made  by  taking  for  two  hours  the  ha^ed 
fresh  oi^n  in  normal  salt  solution  which  had  been  made  slightly 
alkahne  with  NaOH.  This  was  then  stored  in  the  ice  box  for  twenty- 
four  hours.  After  straining  off  the  coarser  particles  through  gauze 
and  filtering  through  paper,  enough  10  per  cent  acetic  acid  was  added 
to  the  opalescent  filtrate  to  precipitate  the  npcleo-proteins.  After  their 
removal  the  filtrate  was  boiled  and  again  filtered  to  separate  the  acid 
albumins  and  this  filtrate  rendered  faintly  alkaline  to  litmus  was,  also 
boiled  and  filtered.  This  final  sUghtly  alkaline  liquid  then  contained 
only  the  nonHx>agulable  portion  of  the  original  saline  extract  and  for 
convenience  was  designated  as  the  "residue"  of  this  or  that  organ. 
The  injection  into  dogs  of  the  "residue"  of  each  of  the  endocrine  glands 
was  followed  by  some  definite  and  immediate  physiological  reaction 
which  seemed  traceable  to  either  stimulation  or  inhibition  of  a  part  of 
the  involuntary  nervous  system. 

In  the  case  of  the  thyroid,  none  of  the  coagulable  materials  in  its 
saline  extract  were  found  capable  of  producing  any  demonstrable 
reactions.  * 

For  the  adrenal,  however,  further  experimentation  has  shown  that 
almost  as  vigorous  responses  could  be  excited  in  the  stomach  by  the 
adrenal  nucleo-proteins  as  by  the  adrenal  "residue,"  The  latter  is 
79  ' 
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rich  in  epinephrin  while  the  Ducleo-proteine  contain  only  traces  of  this 
substance. 

In  the  following  article  we  have  confined  ourselves  to  the  study  of 
the  eEFects  upon  the  gastric  secretion  of  the  subcutaneous  injection  of 
extracts  of  the  pituitary  and  adrenal  glands  and  more  particularly  of 
the  thyroid.  We  had  previously  employed  dogs  in  which  the  usual 
Pawlow  gastric  pouch  and  fistula  had  been  established,  but  as  this  opera- 
tion seemed  hable  to  damage  Use  nerve  supply  of  the  pouch,  we  have 
employed  in  these  experiments  the  Janeway'  fistula.  A  trap  door 
flap  about  2  inches  square,  with  its  base  at  the  greater  curvature,  is 
cut  from  the  anterior  surface  of  the  stomach.  The  fiap  is  turned  back 
and  folded  together  by  a  continuous  suture  which  unites  the  right 
and  left  borders  of  the  fiap  and  then  the  right  and  left  edgies  of  the  gap 
in  the  stomach.  The  open  extremity  of  the  resultant  artificial  tube, 
which  is  continuous  with  the  interior  of  the  stomach,  is  then  brought 
out  through  a  stab  wound  in  the  left  rectus  and  sutured  to  the  skin. 
This  fistula  does  not  leak  and  after  the  wounds  have  healed,  readily 
allows  the  passive  of  a  catheter  for  obtaining  the  gastric  secretion. 

Durii^  the  tests  the  animals  have  been  placed  in  a  retaining  frame 
in  which  they  can  be  kept  quiet  for  an  hour  or  more.  Our  dogs  were 
given  no  food  for  at  least  twelve  hours  before  the  test.  To  make  them 
react  satisfactorily  the  animals  must  be  maintained  in  the  best  possible 
condition. 

Disease  or  malnutrition  very  evidently  interferes  with  the  amount 
of  gastric  secretion  and  with  the  responsiveness  of  the  stomach  to  the 
test  materials.  The  thyroid  extracts  were  standardized  according  to 
both  their  iodine  and  nitrogen  content,  and  the  adrenal  and  pituitary 
extracts  according  to  their  nitrogen  content  alone.  The  injections 
were  made  with  every  aseptic  precaution,  usually  into  the  subcu- 
taneous tissue  at  the  back  of  the  neck.  Then,  with  the  dog  standing 
in  the  retaining  frame,  a  catheter  was  introduced  into  the  fistula  and 
the  gastric  secretion  collected  during  successive  fifteen-minute  periods. 

A  great  niunber  of  tests  were  made  and  table  1  shows  a  fair  aver- 
se of  the  results  for  the  different  preparations  from  the  thyroid.  It 
was  found  to  be  difficult  or  impossible  to  use  the  same  dog  for  each 
test  because  a  twenty-four-hour  rest  period,  at  the  least,  had  to  be 
allowed  to  maintain  the  animals  in  good  coAlition.  This  often  had 
to  be  much  extended.  The  feeding  took  place  in  the  afternoon,  and 
the  morning  hours,  when  the  stomach  contains  no  food,  were  used  for 
the  experiments.     In  th^  second  column  of  table  1  arc  noted  the 
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(nonnal)  quantity  in  cubic  centimetera  of  gastric  juice,  collected  dur- 
ing the  first  fifteen  minutes  and  its  total  acidity  expressed  as  HCl. 
This  was  determined  by  titration  against  -ft  NaOH,  with  plienoU 
phtJialein  as  the  indicator.  In  the  next  column  are  noted  the  thjroid 
materials  and  the  amount  injected  expressed  in  tenns  of  its  iodine 
and  protein  content.  The  next  three  columns  represent  the  quantity 
and  total  acidity  of  the  gastric  juice  collected  during  the  three  fifteen- 
minute  intervals  which  follow  the  brief  period  required  by  the  experi- 
menter to  make  the  test  injection  and  then  note  the  time.  That  is, 
about  five  minutes  elapse  between  the  close  of  the  collection  of  the 
nonnal  flow  and  the  beginning  of  the  collection  of  the  test  Sow. 

Ab  ronarked  before,  we  had  previously  detennined  that  the  "  reudue" 
of  a  saline  extract  of  the  thyroid  of  any  given  animal,  when  stand- 
ardized by  its  iodine  content,  was  quite  uniformly  active.  Of  the 
common  abattoir  animals,  the  pig  thyroid  contuns  the  largest  amount 
of  iodine,  the  sheep  contains  much  less  and  the  beef,  the  least  iodine 
of  the  three.  Incidentally  it  should  be  noted  that  sheep  thyroids 
ate  very  often  goitrous  and  hence  have  an  extremely  low  iodine  con- 
tent, and  therefore  care  must  be  used  to  select  only  normal  glands. 
Their  iodine  content,  as  is  well  known,  shows  a  considerable  seasonal 
variation,  being  the  richest  during  the  spring  and  summer  months. 

The  first  test  in  table  1  shows  the  comparative  activity  upon  the 
stomach  of  the  "residue"  or  non-coagulable  portion  of  saline  extracts 
of  the  pig,  sheep  and  beef  tjiyroids.  The  next  tests  show  the  compara- 
tive activity  of  pig  thjroids,  which  were  obtained  from  the  abattoir 
in  as  freak  a  condition  as  possible,  and  immediately  extracted,  and  of 
those  which  had  been  kept  before  extraction,  in  a  frozen  ctyndition  for 
(Jiout  two  weeks;  and  finally,  of  the  activity  of  an  extract  or  "residue," 
made  in  exactly  the  same  way  as  the  others,  from  the  commercial 
deaccated  thyroid  powder,  which  presumably  consista  of  sheep  thjrroid 
glands. 

As  the  active  material  in  our  "reddues"  is  non-coagulable,  we  next 
tested  alcoholic  and  etiiereal  extracts  of  the  pig  thyroid.  The  hashed 
glands  were  shaken  for  two  hours  in  ether  or  95  per  cent  alcohol,  and 
stored  for  several  days  at  room  temperature,  in  corked  bottles.  The 
alcoholic  or  ether  extract  was  filtered  bo  that  we  obtained  a  clear  liquid 
and  then  the  alcohol  or  ether  distilled  off  until  only  about  one-eighth 
to  one-tenth  of  the  original  volume  remained.  This  was  then  diluted 
with  distilled  water  and  tested  hjs  to  iodine  and  nitrogen  content. 
A  similarly  prepared  95  per  cent  alcohol  extract  of  commercial  de«Ci 
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cated  thyroid  povder  (presumably  from  aheep  ^ands)  was  alflo  tested. 
An  extract,  according  to  Kendall's  method  (2)  published  in  1915, 
vas  made  and  tested.    It  had  a  high  nitn^n  and  iodine  content 

To  ahow  that  a  "reridue"  of  any  tissue  is  not  active  there  is  inserted 
a  test  made  with  the  non-coagulable  part  of  a  saline  extract  of  beef 
muscle.  In  the  last  line  there  is  recorded  for  comparison  a  teat  made 
with  Edkin's  "gastrin"  (3). 

From  the  above  figures  it  can  be  seen  that  a  dose  of  the  pig,  aheep 
or  beef  thyroid  which  contains  approximately  like  same  amount  of 
protein,  varies  considerably  in  the  amount  of  iodine.  And  the  greater 
the  amount  of  iodine,  the  greater  is  the  stimulant  effect.  The  "reed- 
due"  of  the  pig  thyroid  increases  the  gastric  flow  usually  about  seven- 
fold, of  Mie  sheep  Uiyroid  about  fourfold,  while  the  beef  gland  shows 
only  slight  activity.  The  total  acidity  ia  regularly  increased  but  not 
to  any  such  extent  as  is  tiie  quantity  of  gastric  secretion. 

There  ia  a  general  belief  that  glanda  obtained  in  as  "fresh"  a  condi- 
tion as  possible  are  preferable  to,  or  more  active  than,  those  which 
have  been  stored  for  days  or  weeks,  in  a  frozen  state.  In  all  our  tests 
the  frozen  glands  were  fully  as  active  as  the  "fresh."  This  is  a  matter 
of  considerable  importance  as  glands  in  quantity,  for  commercial 
purposes,  practically  must  be  stored  for  a  greater  or  less  length  of  time. 
The  "residue"  or  alcohol  extract  of  the  common  deaccated  powder  of 
Aeep  thyroid  glands  is  only  about  half  as  active  as  corresponding 
preparations  from  fresh  glands.  Extracts  of  the  dried  material  also 
show  an  increase  in  the  protein  content  with  a  decrease  in  iodine,  and 
Qua  cireumstance  combined  wiUi  its  demonstrably  lessened  activity 
indicates  some  deterioration  in  quality. 

An  alcohol  extract  of  the  thyroid  contains  a  little  lees  iodine  and 
more  protein  than  our  "residue"  and  is  somewhat  less  active,  andliie 
average  of  a  number  of  teste  of  comparable  doses  of  the  alcohol  and 
saline  or  "  residue"  extracts  shows  that  their  stimulant  powers  upon  the 
stomach  are  much  in  favor  of  the  "residue,"  An  ether  extract  con- 
sists almost  entirely  of  fatty  material  which  for  injection  has  to  be 
made  into  an  emulsion  with  distilled  water.  This  contains  only  traces 
of  iodine  but  shows  considerable  activity.  An  ether-alcohol  extract 
shows  approximately  the  same  activity  as  one  made  with  alcohol  alone. 

The  injection  of  a  solution  of  Kendall's  thyroid  "active  principle," 
as  described  above  was  followed  by  no  response.  An  extract  of  pig 
thyroid  made  with  distilled  water  was  proved  by  repeated  tests  to  be 
entirely  inert.    Thus  evidently  indicates  that  hydrolysis  is  necessary 
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before  the  active  thyroid  material  can  be  obtained  in  watery  solutions. 
Tests  with  a  "residue"  made  from  beef  muscle  prove  only  that  hydro- 
lyzed  extracts  of  theae  organs  have  no  stimulant  effect  upon  the  stom- 
ach, but  the  observation  is  inserted  to  show  that  "residues"  of  all  tis- 
sues are  not  gastric  activators. 

The  normal  human  thyroid  contains  approximately  the  same  amount 
of  iodine  as  the  pig  gland,  or  about  0.3  mgm.  per  gram  of  fresh  tissue, 
and  a  "residue"  or  alcohol  extract  of  this  iB  closely  comparable  in  its 
effects  upon  the  stomach  to  a  similar  extract  from  the  pig  thyroid. 
The  human  organ  in  an  individual  who  shows  the  symptoms  of  hyper- 
thyroidism, is  usually  enlarged  symmetrically,  and  is  of  even  conatetency 
throughout,  in  which  case  the  infolding  and  proliferation  of  the  alve- 
olar epithelium  characteristic  of  its  supposed  overactivity  occurs  more 
or  less  abundantly  according  to  the  severity  of  the  symptomB,  and 
in  pronounced  cases  involves  the  entire  diseased  gland.  Or  it  may 
be  asymmetrically  enlarged  and  of  uneven  conmstency,  in  which  case 
there  are  usually  one  or  more  encapsulated  adenomatous  or  cystic  or 
mixed  cyst-adenomatous  masses  with  the  characteristic  fayperthyroid 
changes  surrounding,  but  not  in  the  tumors.  From  these  solid  adeno- 
mata and  from  typical  hyperthyroid  glands,  obtained  fresh  from  opera- 
tions, extracts  were  made  as  from  the  pig  thyroids  and  the  results 
recorded  in  table  2. 

It  will  be  noted  that  the  first  three  tests  are  recorded  from  extracts 
from  "human  goiter."  These  were  aohd  adenomata  obtained  from 
patients  who  presented  moderate  symptoms  of  hyperthyroidism,  but 
the  histology  of  the  excised  tissue  showed  only  simple  adenoma.  The 
two  last  tests  were  each  made  with  extracts  of  portions  of  glands  con- 
taining the  characteristic  hyperthyroid  changes  and  were  obtained 
from  patients  suffering  from  typical  exophthalmic  goiter.  Many  other 
tests  were  made  with  extracts  from  similarly  diseased  thyroids,  but  like 
these,  all  were  uniformly  negative.  Unfortunately  there  was  seldom 
enough  tissue  to  make  both  an  iodine  and  a  nitrc^n  determination, 
and  as  these  experiments  were  carried  out  as  material  could  be  ob- 
tained, while  tests  with  other  organ  extracts  were  in  progress,  only  the 
protein  content  of  the  dose  was  ascertained.  This  permitted  com- 
parisons with  organ  extracts  other  than  the  thyroid,  but  there  was  never 
any  response.  That  is,  the  symptoms  of  hyperthyroidism  are  appar- 
ently not  directly  due  to  an  excessive  quantity  of  thyroid  product. 
Clinically  the  severity  of  the  disease  certainly  does  not  seem  to  bear 
any  relation  to  the  size  of  the  gland.    Neoplastic  epithelia  are  not 
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generally  believed  to  produce  any  secretion  and  the  above  experi-1 
mental  findings  with  thyroid  adenomata  seem  to  confirm  thie  belief.' 

The  lack  of  response  from  extracts  of  thyroids  which  showed  activei 
hyperplasia  at  least  indicates  so  great  a  change  in  the  quaUty  of  the 
product  as  to  prevent  the  fulfillment  of  its  usual  function.  '' 

We  next  tested  the  effects  upon  the  stomach  of  the  subcutaneous  in-- 
jection  of  atropin,  nicotine,  commercial  adrenalin  and  extracts  of  the' 
adrenal  and  pituitary  glands.  In  previous  experiments  (1)  as  re- 
marked before,  we  had  ascertained  that  the  adrenal  and  pituitary 
were  the  only  organs  which  seemed  capable  of  inhibiting  the  gastric 
secretion.  Nicotine  was  accidentally  noted  to  have  this  effect  and 
although  it  is  understood  to  act  upon  some  intermediate  nervous 
mechanism  it  was  employed  as  a  comparison  with  atropin,  which 
paralyses  the  terminal  filamenta  of  the  vagus.    . 

The  records  given  above  are  a  fair  average  of  a  large  number  of  testsi 
It  is  well  known  that  ihe  secretory  activity  of  the  stomach  is  very 
lai^ly  controlled  by  the  vagi,  stimulation  of  which  increases  the 
flow,  and  by  the  Eiympathetic  which  inhibits.  It  can  be  noted  that  a 
moderate  dose  of  atropin  very  quickly  stops  the  gastric  secretion^ 
presumaUy  by  paralysiB  of  the  terminal  filaments  of  the  vagus.  Nico- 
tine was  tested  in  both  large  and  minute  doees  and  seemed  to  exhibit 
inhibitory  powers  somewhat  less  than  atropin;  the  inhibition  was  about 
in  proportion  to  the  mse  of  the  dose.  Certainly  no  stimulation  coutd 
be  detected  after  the  administration  of  even  veiy  minute  amounts. 

Epinephrin  is  generally  accepted  as  acting  through  some  stimulant 
effect  upon  the  terminal  filaments  of  the  sympathetic,  and  thus  should 
inhibit  tiie  gastric  secretion.  The  typical  test  with  a  1 :  1000  solution 
of  adrenalin  hydrochloride  recorded  in  the  third  line  of  table  3,  shows 
that  a  moderate  dose  cuts  down  the  normal  flow  of  gastric  juice  about 
one-half.  A  amilar  dose  of  a  "residue"  or  an  alcohol  extract  of  the 
adrenal,  which  contains  considerably  more  epinephrin,  suggests  that 
these  materials,  because  of  their  epinephrin  content,  act  in  proportion 
to  it  by  stimulation  of  the  terminal  filaments  of  the  sympathetic.  But 
the  injection  of  a  comparable  quantity  of  the  adrenal  nucleo-proteins, 
which  contain  only  faint  traces  of  epinephrin  is  as  active  or  more  so' 
than  the  adrenal  "  residue"  or  the  alcohol  extract  or  commercial  adrena- 
lin. Presumably  ite  effects  upon  the  secreting  gastric  epithelium  is 
like  adrenalin  and  exerted  through  the  intermediation  of  the  terminal 
sympathetic  filaments.  But  if  it  is  even  more  active  than  adrenalin 
this  fact  arouses  a  suspicion  that  the  active  principle  of  the  adrenal 
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gland  may  contain  scHnething  more  ihaa  epinephrin.  That  is,  epi- 
Dephrin  which  undoubtedly  ezistfi  in  the  adrenal,  may  be  only  the  atf^le 
part  of  a  larger  and  more  labile  molecule. 

The  final  three  teste  with  extracts,  first  of  t^e  whole  pituitary  gland 
and  then  with  similar  preparations  from  its  anterior  and  posterior  lobes, 
ahow  only  that  the  anterior  lobe  of  this  gl&nd  seems  to  exert  some  in- 
hibitory influence  upon  the  gastric  secretion. 

TABLE  1 

Bffectii  upon  the  fioir  of  gaitrie  juice  and  I'ls  aeidily,  which  /olloui  Ihe  injecfiOK  of 

atropin.  extroftx  of  the  adrewd  and  jtiluitary  glandt,  and  of  nicotine 
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percfX 
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^«^ 

cc. 

)W«lrt 

VIII 

4.1 

0,3 

Atropin  lulf . 

15mKTn. 

0.5 

0.4 

Few 

drops 

VII 

2.2 

0.2 

Nicotine 

1  rngm. 

Few 

drops 

Few 

drops 

IX 

6.0 

0.65 

1:1000  eolutioD 
adronalin 
chloride 

3cc. 

3.0 

0.65 

2.0 

06S 

viri 

a., 

0.33 

Adrenal  "reai- 
due" 

3.0  oc.  =  O.I 
p-sm  Prot 

0.2 

0.35 

Few 

drops 

XI 

2.6 

0.53 

95  per  cent  al- 
cohol extract 
adrenal 

6.3CC.- 0.076 
gram  Prot. 

0.5 

0,44 

0.16 

0.63 

XI 

4.0 

0.28 

Adrenal      nu- 

4  75  CO,  -  0  076 
(tra-n  Prot. 

0.1 

? 

Few 

drops 

XI 

2.4 

0.38 

Pituitary  resi- 
due 

1.26  ce. -0  076 
(tran  Prot 

1.0 

O.-W 

0,9 

038 

VI 

2.6 

0-19 

Residue  an- 
.erior      lobe 
pituitary 

2  If,  cc  -  0  076 
firam  Prot. 

0.8 

0.14 

0.8 

0  1 

V 

1.5 

0.3 

Residue    iiuHt. 
lobe     pitui- 
tary 

3.4  cc.  =  0  1 
gram  Prot. 

1-8 

0.35 

1-4 

0.37 

In  table  4  are  rrcorded  the  average  results  of  a  large  number  of 
tests  to  show  first  the  stimulant  effect  which  follows  the  injection  of 
the  thyroid  "residue,"  and  the  effect  upon  this  stimulation  which 
follows  the  injection  of  a,  atropin  to  paralyze  the  vagus;  b,  of  adrenalin 
b)  stimulate  the  antagonist  of  the  vagus  or  the  syiiipathetic;  c,  of  the 
adrenal  "residue"  which  contains  much  epinephrin  and  presumably 
acts  like  the  1 :  1000  solution  of  adrenalin ;  d,  of  the  alcohol  extract  of 
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the  adrenal  which  is  closely  similar  to  the  adrenal  "residue;"  e,  of  a 
solution  of  the  adrenal  nucleo-proteins  which  contains  only  traces  of 
epinephrin;  /,  of  the  pituitary  "residue,"  and  finally  g,  of  nicotine. 

After  stimulation  of  the  gastric  flow  by  the  injection  of  the  non- 
coagulable  or  "residue"  part  of  a  thyroid  extract,  paralysis  of  the 
vagus  by  atropin  only  checks  the  secretion.  Atropin  does  not  then  com- 
pletely stop  the  flow  as  it  does  in  the  unstimulatied  stcMiiach.  Adrena- 
lin, on  the  other  hand,  which  "activates"  the  sympathetic  or 
inhibitory  nerve  supply  of  the  stomach,  only  checks  the  unstimvlated 
flow,  and  ^ows  about  the  same  amount  of  inhibition  upon  the  stimu- 
lated secretion.  The  injection  of  the  adrenal  "reradue"  or  of  an  alco- 
hol extract  of  the  adrenal,  which  are  both  rich  in  epinephrin,  is  followed 
by  about  the  same  decrease  in  the  flow  of  the  unstimulated,  but  a  con- 
siderably greater  decrease  in  the  stimulated  gastric  secretion. 

The  injection  of  a  solution  of  the  adrenal  nucleo-proteins  which 
contains  only  traces  of  epinephrin,  is  followed  by  a  similar  and  even  a 
slightly  more  vigorous  inhibition.  These  facts  seem  to  indicate  that 
the  gastric  nerves  are  very  important,  if  not  essential,  for  the  stimula- 
tion produced  by  the  thyroid  and  for  the  inhibition  by  the  adrenaL 
Apparently  also  the  thyrmd  acts  through  or  upon  the  vagus  and 
not,  as  is  generally  believed,  upon  the  sympathetic.  The  inhilstory 
powers  of  the  latter  nerves  are  apparently  intenmfied  by  scHne  sub- 
stance produced  by  the  adrenal  gland,  in  which  epinephrin  forms  a 
part.  This  substance  is  probably  not  epinephrin  alone,  because  adiena- 
Un  does  not  act  as  vigorously  as  do  extracts  of  the  whole  adrenal 
gland,  or  the  adrenal  nucleo-proteins,  in  which,  aa  stated  previously, 
there  are  only  traces  of  epinephrin  (table  4,  lines  3,  4  and  5). 

The  non-coagulable  or  "residue"  part  of  a  saline  extract  of  the 
pituitary  is  the  only  other  organ  derivative  which  we  have  found  to 
possess  inhibitory  powers  over  the  flow  of  gastric  secretion.  It  is  inter- 
esting to  note  that  extracts  of  the  posterior  lobe-seem  inert.  The  an- 
terior only  is  active,  but  an  extract  of  the  whole  gland  proved  more 
active  than  one  of  the  anterior  lobe  alone.  Nicotine  is  supposed  to 
paralyze  not  the  terminal  filaments  of  the  sympathetic,  but  an  inter- 
mediate portion  of  the  system.  It  was  employed  in  these  tests  because 
it  was  unexpectedly  found  to  inhibit  the  gastric  secretion  in  more  or 
less  direct  proportion  to  the  size  of  the  dose. 

As  yet  we  can  offer  no  very  definite  explanation  for  these  phenomena. 
Atropin  quite  evidently  paralyzes  and  so  stops  the  fimctionation  of  the 
"activating"  or  autonomic  portion  of  the  involuntaiy  nervous  Efystem. 
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It  is  also  eTidbut  tJiat  the  adrenal  product  has  a  selective  affinity  for 
the  tenninal  filaments  of  the  ^mpathetic,  as  distinguished  from  ihe 
autonomic  or  vagus  group  of  nerves.  The  thjrroid  product,  on  the 
ot^er  hand,  seems  to  poasesa  at  least  some  of  the  same  kind  of  affinity 
or  stimulant  power  for  the  opposing  or  vagus  group  of  filaments.  It 
certainly  does  not  stimulate  Uie  sympathetic,  or  its  effect  upon  the 
stomach  would  be  intensified  and  not  decreased  by  the  injection  of 
either  atropin  or  adrenalin. 

Ergotin  is  supposed  to  paralyze  the  tenninal  filaments  of  the  Bym- 
pathetic,  but  in  our  experiments  upon  the  stcHnach  it  was  found  to  be 
80  variable  and  uncertain  as  to  be  useless.  Our  extracts  of  the  whole 
adrenal  ^and  all  contain  at  least  traces  of  epinephrin,  and  therefore 
presumably  act  like  it,  i.e.,  through  or  upon  the  sympathetic.  This, 
of  course,  brings  into  question  epinephrin.  Is  it  tiie  normal  active 
principle  of  the  gland  or  only  the  stabile  portion  of  a  lai^r  and  more 
labile  product?  That  cannot  be  answered  from  these  experiments, 
although  it  is  quite  evident  that  extracts  of  tite  whole  gland  show  a 
greater  iohibitory  effect  upon  the  gastric  secretion  than  does  adrenalin. 

DISCUSSION 

The  thyroid  gland  evidently  atimulates,  and  the  adrenal  inhibits, 
gastric  secretion.  These  effects  are  apparently  produced  chiefly 
throu^  the  intermediation  of  the  vagus  and  sympathetic  nerve  ter- 
minals. The  secretory  functions  of  the  vagus  are  apparently  excited  by 
some  material  which  can  be  extracted  from  the  thyroid  by  alcohol  or 
by  a  process  which  involves  more  or  less  hydroiyms  of  Hie  gland.  The 
inhibitory  powers  possessed  by  the  sympathetic  terminals  seem  to  be 
excited  by  all  the  extracts  from  the  adrenal  gland  which  were  tested. 
Extracts  from  the  entire  gland  are  much  more  active  than  adrenalin. 
Can  this  activation  or  inbihitioo  of  the  secretory  cells  of  the  stomach 
through  their  nerve  supply  in  conjunction  with  thyroid  and  adrenal 
products  be  a  process  which  is  essentially  one  of  nutrition?  A  pro- 
lotted  stimulation  like  that  produced  by  the  thyroid  extracts,  when 
compared  with  tiie  increased  general  metabolism  which  follows  thyroid 
feeding,  susx^sts  that  the  thyroid  product,  with  the  intermediation  of 
the  vagus  or  secretory  nerve  impulse,  increases  the  metabolism  of  the 
gastric  epithelium.  This  means  that  it  facilitates  the  absorption  of 
nutritional  material  or  "food"  by  the  cells  and  the  metamorphosis  of 
tiiis  "food"  into  the  cell's  secretion.    The  adrenal  product,  on  the  other 
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hand,  in  conjunotion  with  the  sympatlietic  or  inhibitory  nerve  im- 
pulse, can  be  imagined  as  preventing  this  metamorphoms.  The  nature 
of  the  impulses  conveyed  to  the  stomach  by  its  double  nerve  supply  is, 
of  course,  unknown  but,  as  determined  by  electrical  stimulation, 
the  vagus  evidently  activates  and  the  sympathetic  inhibits  this  organ 
If  the  thyroid  product  has  an  affinity  for  the  vagus  terminals  and  pro- 
motes cell  metabolism,  and  the  adrenal  an  a£Snity  for  the  sympathetic 
and  retards  this  metabolism,  then  it  is  unnecessary  to  imagine  two 
radically  different  kinds  of  nerve  impulses.  The  chemical  properties 
of  the  nerve  endings  are  alone  to  be  considered.  The  nature  of  the 
impulse  in  the  vagus  and  the  sympathetic  can  be  the  same,  but  the 
effects  of  its  dischai^e  from  one  nerve  terminal  or  the  other  are  regu- 
lated by  the  presence  and  amount  of  thyroid  or  adrenal,  and  probably 
many  other  products. 

CONCLDSIONS 

1.  A  slightly  alkaline  saline  solution,  or  alcohol,  extracts  from  the 
thyroid  come  non-coagulable  material  which  is  a  vigorous  stimulant 
for  the  gastric  secretion. 

2.  This  material  produces  its  effects  at  least  in  part  by  intensification 
of  the  functions  perfonned  by  the  terminal  filaments  of  the  (gastric) 
vagus. 

3.  Extracts  similarly  made  from  the  pathological  tissue  of  adeno- 
matous or  hyperthyroid  human  glands  are  inert. 

4.  Extracts  of  the  adrenal  gland  vigorously  inhibit  gastric  secretion. 

5.  These  extracts  of  the  adrenal  gland  all  contain  more  or  less  epi- 
nephrin  and  therefore  it  is  presumable  that  their  effect  is  produced  by 
intensification  of  the  inhibitory  function  which  is  ascribed  to  the  (gas- 
tric) sympathetic. 

6.  Adrenalin  is  not  as  active  a  gastric  inhibitor  as  the  adrenal  nucleo- 
proteins  obtained  from  extracts  of  the  whole  gland.  These  adrenal 
nucleo-proteins  contain  only  traces  of  epincphrin. 

7.  Extracts  of  the  pituitary  gland  also  inhibit  gastric  secretion,  but 
only  about  one-half  as  vigorously  as  do  extracts  of  the  adrenal. 
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mTRODUCTION 

For  the  study  of  energy  relationa  in  organiams,  the  lower  animals 
offer  certain  advantages  over  the  higher  vertebrates.  Such  regulatory 
mechanisms  as  those  controlling  the  ventilation  of  the  lungs,  the  rate 
of  flow  of  the  blood,  the  oxygen-cariying  power  of  the  blood  and  the 
maintenance  of  constant  body  temperature,  which  impose  limitations 
upon  experimentation  with  b^er  vertebrates,  can  be  avoided  by  tiie 
selection  of  proper  material  from  among  invertebrates.  Planaria  po»- 
seas  none  of  these  mechanisms  and  they  are  well  fitted  for  such  studies 
because  they  can  witlistiind  prolonged  starvation  or  can  ingest  a  lai^ 
meal,  and  they  have  remarkable  powers  of  r^;eneration  and  agamic 
reproduction.  Experiments  upon  Planaria  have  played  a  prominent 
rdle  in  the  formulation  of  theories  by  Child  (1)  regarding  the  so-called 
"rate  of  metaboUsm"  in  relation  to  Benescence,  rejuvenescence  and 
d<Hninance  in  oi^anisma.  Child  used  the  susceptibility  of  animals  and 
parts  of  animals  to  the  tone  action  of  KCN  ae  a  measure  of  the  "rate 
of  metaboUsm."  This  use  of  cyanide  was  based  upon  the  belief  of 
many  physiologists  that  it  inhibits  oxidations  in  organisms  and  upon 
certain  qualitative  tests  in  which,  it  is  reported,  the  carbon  dioxide 
production  by  worms  in  Tashiro's  "biometer"  agreed' with  what  was 
expected  from  their  susceptSbiUty  to  cyanide.  No  quantitative  studies 
of  the  metaboUsm  of  Planaria  by  direct  methods  of  measurement  have 
been  published  heretofore.  The  author  has  undertaken  a  series  of  such 
studies  for  the  purpose  of  determining  whether  KCN  can  be  used  to 
measure  the  rate  of  oxidatjtin  in  these  animals  and  to  determine  the 
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important  facta  regarding  the  rate  of  oxidation  in  Flanaria  in  relation 
to  nutrition,  age  and  morpbogeneBis.  These  studies  were  suggested  by 
Prof.  E.  J.  Lund,  under  whose  direction  they  have  been  oftrried  out  and 
to  whom  I  widi  to  express  my  most  sincere  appreciation  for  assistance 
and  encouragmient. 

The  present  paper  deals  with  methods  of  measuring  the  oxygen 
consumption  by  Planaria  and  the  effect  of  KCN  upon  ihe  oxygen 
consumptjon  by  these  animals. 

The  belief  that  cyanides  inhibit  inlracellular  oxidations  finds  sup- 
port in  a  number  of  studies  of  the  respiratory  exchange  of  organisms, 
b^innii^  with  the  clasacal  studies  of  Geppert  (2).  Schroeder  (3) 
reported  a  marked  decrease  in  the  oxygen  consumption  by  the  mold, 
Aspergillus  niger,  in  KCN  solutions.  Warburg  (4)  and  tx>eb  and 
Wasteneys  (5)  agree  that  the  oxygen  consumption  by  sea  urchin  ^gs 
is  decreased  very  strongly  in  cyanide  solutions;  and  Loeb  and  Was- 
teneys (6)  have  ahown  a  similar  effect  of  cyanide  on  the  oxygen  con- 
Bumptaon  by  Fundulus  embryos  and  by  the  jellyfifih,  Gonionemus. 
Experiments  of  Eyman  (7)  also  tend  to  show  a  decrease  in  the  oxygen 
consumption  by  marine  sponges  in  KCN,  alUiough  there  may  be 
question  regarding  ihe  rate  of  flow  of  water  tlirough  the  sponge  in 
cyanide  solutions  in  these  experiments.  On  the  other  hand  Lund 
(8)  has  found  that  the  oxygen  consumption  by  Paramecium  is  inde< 
pendent  of  the  action  of  KCN. 

In  non-livii^  systems  various  authors  since  Schonbein  (9)  have 
found  that  cyanides  inhibit  the  activity  of  oxidizing  enzymes,  but  in 
some  cases  the  cyanide  has  an  oppoate  effect.  Thus  Kastle  and 
Loevenhart  (10)  report  that  HCN  inhibits  the  oxidations  of  guaiacum 
by  potato  oxidase  and  many  inorganic  oxides  and  peroxides,  but  that  ' 
it  accelerates  the  oxidation  of  guaiacum  by  silver  oxide.  Loevenhart 
(11)  found  that  HCN  retards  catalysis  of  hydrogen  peroxide  by  plat- 
inum black,alver  aitd  extractof  tissues,  but  that  it  accelerates  catalyaiB 
of  hydrogen  peroxide  when  copper  or  iron  and  its  salts  are  used.  And 
the  same  author  (12)  finds  that  HCN  accelerates  the  catalyzii^  action 
of  copper  sulphate  upon  the  oxidation  of  formic  acid  by  hydrogen 
peroxide.  Matthews  and  Walker  (13)  find  that  HCN  prevents  the 
oxidation  of  cystein  to  cystin  but  (14)  that  it  accelerates  the  oxidation 
of  impure  cystin  or  cystin  solutions  containing  ferric  chloride,  and  that 
it  has  no  effect  on  the  oxidation  of  pure  cystin. 

These  results  lead  to  caution  about  predicting  that  KCN  inhibits 
ondations  in  every  system.     Are  the  oxidation  systems  in  all  or^ 
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alike  in  respect  to  KCN  or  are  there  some  oxidation  systems  like  the 
oxidation  of  cystein  and  other  systema  like  the  oxidation  of  cystiaT 
May  there  be  other  animals  than  Paramecium  whose  respiratory  ex- 
change is  not  affected  by  cyanides?  In  determining  the  value  of  KCN 
as  a  measure  of  the  rate  of  oxidations  in  any  form  it  is  necessary,  first 
of  all,  to  determine  its  effect  upon  the  oxidations  in  that  form.  It 
has  not  been  shown,  heretofore,  that  KCN  affects  the  oxidations 
in  Planaria. 


The  materials  used  in  this  investigation  were  Planaria  maculata, 
collected  from  the  Misassippi  River,  and  Planaria  agilis,  purchaaed 
and  reared  in  the  laboratory.  The  latter  species  has  been  found  more 
convenient  for  experimentation  and  most  of  tiie  experiments  reported 
in  this  paper  were  performed  wiUi  this  species.  Worms  of  the  former 
Q>ecie8  cling  to  the  substratum  so  tenaciously  that  it  is  often  necessary 
to  loosen  them  with  a  probe.  Not  only  is  this  inconvenient  but  it 
introduces  the  danger  of  injurii^  the  animals. 

In  each  experiment  the  ftnimalg  selected  were  as  nearly  uniform  in 
size  as  posuble,  and  had  not  recently  regenerated  the  head.  All  ani- 
mals used  in  a  smgle  experiment  were  taken  from  the  same  stock,  hav- 
ing the  same  history  for  s(Hne  days  previous  to  the  experiment.  The 
nutritive  history  and  the  relative  size  of  worms  used  in  each  experi- 
ment are  stated  in  the  heading  of  the  table  reporting  the  results  of  the 
experiment. 

The  general  method  employed  for  determimng  the  oxygen  consump- 
tion was  to  place  worms  in  tap  water  of  known  content  of  dissolved 
oxygen,  and  at  the  end  of  a  stated  period  of  time  to  remove  the  worms 
and  analyze  the  water  for  dissolved  oxygen,  and  so  to  determine  by 
difference  the  amount  of  oxygen  consumed.  The  general  procedure 
was  similar  to  that  described  by  Lund  (15)  for  determining  the  oxygen 
consumption  by  Paramecium,  except  titat  the  worms  were  removed 
from  the  botUes  at  the  end  of  the  experiment,  before  tiie  reagents  were 
added,  thus  eliminating  any  errors  due  to  absOTption  of  iodine  by  the 
organisms  during  the  analysis. 

Reagents  for  Winkler's  method  of  analysifl  were  made  up  as  given 
by  Sutton  (16,  p.  285)  except  that  2  cc.  of  concentrated  hydrochloric 
acid  were  used  as  given  by  Birge  and  Juday  (17,  p.  13).  The  thio- 
Bulpbate  Bolution  was  standardised  at  intervals  against  known  weights 
of  freshly  resubUmed  iodine. 
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A  large  carboy  was  filled  with  the  tap  water  to  be  used  in  an  experi- 
ment. When  the  tap  water  was  much  warmer  or  cooler  than  the  room 
temperature  it  was  allowed  to  stand  in  the  carboy  for  twenty-four 
houre  or  longer  to  reach  Uie  room  temperature.  The  water  was  thor^ 
oughly  stirred  and  brought  into  approximate  equilibrium  wit^  rocm 
air  as  to  its  dissolved  oxj^n  by  drawing  a  stream  of  air  t)|rough  it 
for  about  two  hours.  The  bottles  used  in  the  experiment  were  then 
all  filled  in  rapid  succesaon  by  siphoning  water  fnnn  the  carboy  to 
the  bottom  of  the  bottles,  allowing  them  to  overflow  about  tiiree 
times  their  volume  of  water.  All  bottles  had  fitted  ground  glass 
stoppers  and  were  of  the  same  capacity.  Bottles  which  had  ori^nalfy 
1  or  2  cc.  more  than  132  co.  capacity  contained  pieces  of  glass  rod  to 

TABLE  1 

Showing  the  degree  of  uniformity  of  filling  and  analytii  of  tS  bottle*  filled  in  ordtr 

with  aerated  tap  imfer  and  analyted  at  once 


4.65 

4.56 

4.53 

4.58 

4.S9 

4.55 

4.57 

i.st 

4.56 

4.56 

i.6Q 

4.55 

i.i» 

4.S4 

4.68 

4.60 

4.57 

4.55 

4.68 

4.56 

4.58 

4.56 

i.Bt 

4,57 

4.57 

4.55 

4.56 

4.63 

Maximum 4,60  cc.  thiosulphkte 

Mipimiim 4.52  cc.  thioBulphkte 

Average 4.56  cc.  thioBulphsto 

make  them  imiform  with  the  others.  The  degree  of  uniformity  of  fill- 
ing and  analysis  is  illustrated  by  table  I ,  which  shows  the  result  of  fill- 
ing the  whole  series  of  28  bottles  with  aerated  tap  water  and  analyzing 
them  at  once.  The  analyses  ranged  from  4.52  cc.  to  4.60  cc.  thio- 
sulphate.  The  average  of  all  analyses  was  4.56  cc.  thiosulphate.  The 
maximum  error  in  an  individual  analysis,  therefore,  was  about  1  per 
cent  of  the  total  oxygen  content  of  a  bottle,  and  since  duplicate  deter- 
minations were  made  in  all  experiments,  the  error  in  filling  and  analysis 
was  reduced  even  below  this  figure. 

The  bottles  needed  in  an  experiment  were  filled  in  order,  as  explained 
above.  Then  three  or  four  bottles,  selected  from  different  parts  of  the 
series,  were  set  aade  as  "blanks."  For  example,  in  the  experiment 
reported  in  table  2  the  let,  6th  and  11th  bottles  filled  were  chosen  as 


oy  Google 


STUDIES  ON   RB8FIRA.TOBT  HETABOLI8U   IN   PLANARIA  97 

blanks.  The  average  of  the  analyses  of  the  blanks  was  taken  to  repre- 
sent the  amount  of  oxygen  in  each  of  the  otiier  bottles  at  the  begiimii^ 
of  the  experiment.  Uniformity  among  blanks,  chosen  in  this  way, 
was  taken  to  ^ow  uniformity  of  filling  of  the  whole  series  of  experi- 
mental bottles. 

Worms  were  introduced  into  experimental  bottles  by  means  of  a 
glass  pipette  of  suitable  size.  With  care,  a  worm  can  be  introduced 
into  a  bottle  by  touching  the  pipette  to  the  surface  of  the  water  in  the 
bottle  without  introducii^  more  than  a  drop  of  water.  In  removing 
worms  at  the  end  of  an  experiment,  the  Planaria  agilis  were  loosened 
by  gently  rotatit^  the  bottle,  and  were  then  picked  out  individually 
by  means  of  the  pipette.  In  this  operation,  care  was  taken  not  to 
introduce  any  bubbles  of  air  in  the  bottle  and  not  to  draw  into  the 
pipette  any  water  from  the  vessel  into  which  the  worms  were  trans- 
ferred. Planaria  maculata  chng  to  the  substratum  very  tenaciously. 
Frequently  it  was  necessary  to  loosen  them  by  means  of  a  wire  probe, 
flattened  at  the  end  to  form  a  spatula.  The  followii^  tests  show  that 
tiie  error  from  introducing  probes  and  pipettes  into  bottles  to  remove 
worms  was  negligible.  Seven  bottles  were  filled  with  aerated  tap 
water.  Four  of  these  were  analyzed  as  controls,  giving  an  average 
oxygen  content  of  4.03  cc.  thiosulphate.  Each  of  the  other  three 
bottles  was  opened  and  the  pipette  was  introducttd  twenty-five  times, 
drawing  in  and  expelling  water  thrice  each  time.  The  average  oxygen 
content  of  these  bottles  was  then  found  to  be  4.04  cc.  thiosulphate, 
lowing  no  difference  from  the  controls.  The  water  in  the  bottles  in 
this  case  was  approximately  in  equilibrium  with  air  as  to  ite  dissolved 
oxygen.  Under  such  circumstances  it  was  not  to  be  expected  that  tiie 
manipulations  described  would  affect  the  oxygen  content  appreciably. 

At  the  end  of  an  experiment,  however,  after  part  of  the  oxygen 
has  been  consumed,  the  water  is  no  loi^r  in  equilibriiun  with  air  and 
these  manipulations  might  alter  the  oxygen  content.  The  following 
test  meets  these  conditions.  Six  bottles  were  filled  with  boiled  tap 
water  of  low  oxygen  content.  Three  alternate  bottles  were  analysed 
as  controls,  giving  an  average  oxygen  content  of  1.74  cc.  thiosulphate. 
Into  each  of  the  other  three  bottles  ten  worms  were  introduced  and 
then  immediately  removed.  These  experimental  bottles  gave  an 
average  oxygen  content  of  l.SO  cc.  thiosulphate,  showing  a  difference 
of  0.06  cc.  thiosulphate  from  the  controls.  In  the  experiments  to  be 
reported,  the  oxygen  content  of  the  bottles  at  the  end' of  the  experi- 
mental periods  was  rarely  reduced  below  2.50  cc.  thiosulphate.    More- 
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over,  any  error  fnnn  this  source  would  tend  to  diminish  differences 
in  oxygen  consumption  rather  than  to  produce  them  to  any  degree. 

In  some  cases,  removing  wonns  removed  so  much  water  that  there 
was  dai^er  of  enclosing  a  bubble  of  air  in  closing  the  bottle  after  intro- 
ducing the  reagents.  To  prevent  this  possibility,  the  uniform  pro- 
cedure was  followed  of  displacing  2  cc.  of  water  with  a  glass  rod  before 
introducii^  the  reagents.  The  rods  used  for  this  purpose  were  of 
the  same  volume  and  were  marked  so  that  they  coutd  not  be  confused 
with  other  rods  present  in  certain  bottles  for  the  purpose  of  standard- 
izing the  volume.  This  procedure  was  adopted  in  experiments  with 
Planaria  maculata,  which  are  difficult  to  handle  with  a  pipette,  and 
was  continued  in  a  routine  manner  in  all  experiments.  In  all  cases 
blanks  were  handled  in  the  same  manner  as  experimental  bottles  in 
this  respect.  In  calculating  the  oxygen  consumption  in  cubic  centi- 
meters of  oxygen  gas,  cf.  table  10,  columns  3  and  6,  correction  was 
made  for  the  4  cc.  displaced  by  the  glass  rods  as  well  as  for  the  2  cc. 
displaced  by  the  added  reagents.  These  corrections  were  not  made 
in  the  tables  giving  the  oxygen  consumption  in  cubic  centimeters  of 
thiosulphate  since  they  do  not  alter  relative  values. 

It  required  from  two  to  four  minutes  to  remove  worms  Trom  a  bottle 
and  introduce  the  reagents.  When  an  experiment  contained  several 
parts  and  there  were  two  or  three  duplicate  bottles  io  each  part,  it 
often  required  half  an  hour  or  even  an  hour  to  carry  out  these  manipu- 
lations. Under  such  circumstances,  to  avoid  serious  error  from  the 
fact  that  the  length  of  the  experimental  period  was  greater  for  certain 
bottles  than  for  others,  bottles  were  handled  in  the  same  order  at  the 
end  of  the  period  as  at  the  beginning.  In  all  experiments  a  record  was 
made  of  the  exact  time  of  handling  each  bottle,  and  these  times  were 
eo  arranged  as  to  insure  that  there  was  no  variation  from  bottle  to 
bottle  in  the  length  of  the  experimental  period. 

The  following  test  shows  that  the  iodine  error  from  mucous  secretions 
of  the  worms  was  also  n^ligible.  In  each  of  four  bottles,  six  worms 
were  left  for  four  and  a  half  daj's,  after  which  time  they  were  removed 
and  the  bottles  were  filled  slowly  with  aerated  tap  water  so  as  to  avoid 
violent  currents  that  m^ht  remove  accumulations  of  mucus.  The 
average  of  the  four  analyses  was  4.&3  cc.  thiosulphate,  while  four  clean 
bottles  filled  at  the  same  time  from  the  same  aerated  tap  water  gave 
ail  average  analysis  of  4.65  cc.  thiosulphate. 

In  the  experiments  reported  in  the  present  paper,  each  contains  its 
own  temperature  control  since  all  comparisons  that  have  been  made 
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are  between  worme  that  were  tested  Bimultaoeously  and  under  the 
same  conditions  of  temperature.  However,  except  in  the  first  two  pre- 
liminary experiments,  all  bottles  were  placed  in  a  water  bath  within 
a  constant  temperature  oven  at20''C.,  so  that  different  experiments  are  - 
comparable  so  far  as  temperature  is  concerned. 

For  each  experiment  the  potassium  cyanide  was  freshly  weighed 
out,  and  a  relatively  strong  solution,  e.g.,  0.01  molecular,  was  made 
with  the  aerated  tap  water  used  in  the  experiment.  The  bottles  were 
filled  in  the  usual  manner.  Those  bottles  that  were  not  to  contain 
cyanide  were  closed  at  once.  A  measured  amount  of  the  stronger 
cyanide  solution  was  run  in  from  a  pipette  or  burette  at  the  bottom  of 
the  other  bottles,  which  were  then  closed  and  shaken  well  before  in- 
troducing worms.  The  concentration  of  the  solution  was  regulated  so 
that  the  amount  of  solution  added  never  exceeded  5  cc.  and  was  usually 
about  2  cc.  Upon  opening  the  bottles,  before  introducing  worms,  a 
2  cc.  rod  was  inserted  into  each,  displacing  enough  water  to  make  it 
certain  that  it  could  be  closed  again  without  leaving  any  bubbles  of 
air.  All  bottles  in  the  experiment,  including  the  blanks,  were  handled 
alike  in  this  respect. 

Potassium  cyanide  in  the  concentrations  used  does  not  cause  any 
appreciable  error  in  the  Winkler  oxygen  analysis.  This  was  shown  by 
a  preliminary  test  in  which  three  bottles  of  aerated  tap  wat«r  con- 
taining KCN  in  0.0004  molecular  concentration  gave  an  average  ox- 
ygen analysis  of  4.00  cc.  thiosulphate,  while  three  bottles  of  aerated 
tap  water  without  cyanide  gave  an  average  of  3.99  cc.  thiosulphate. 
In  some  experiments  cyanide  solution  was  introduced  into  part  of  the 
blanks  but  no  appreciable  difference  in  the  analyses  was  found  between 
them  and  the  other  blanks  not  containing  KCN,  so  that  this  procedure 
was  not  always  followed. 

The  experimental  method  has  been  explained  in  considerable  detail 
because  several  sources  of  error  might  readily  occur  if  care  is  not  taken 
in  the  details  of  manipulation.  However,  when  careful  methods  are 
followed,  their  accuracy  may  be  judged  by  their  results.  When  dupli- 
cate determinations  in  the  same  experiment  show  uniformity  of  result 
and  when  a  series  of  determinations  with  graduated  differences  in  a 
certain  experimental  factor  such  as  concentration  of  KCN  shows  a 
consistently  graduated  series  of  differences  in  result,  the  experiment 
carries  conviction  of  reliability  even  when  the  actual  figures  are  not 
large.  All  experiments  have  been  carried  out  in  duplicate  of  two  or 
three  simultaneous  but  independent  determinations  as  a  control  upon 
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the  accuracy  of  the  methode.  The  tables  ahow  all  the  individual 
determinationfl,  even  at  the  expense  of  making  the  tables  more  in- 
volved, in  order  that  the  uniformity  among  duplicate  determinationB 
may  be  clearly  seen. 

OXYGEN  CONSUMPTION  BT  PLANARU  IN  KCN  XOLDTIONS  OF  DIFFEHBNT 
CONCENTRATIONS 

To  determine,  first  of  aH,  whether  KCN  decreases  the  oxidations  in 
Ptanaria,  a  preliminary  experiment  was  perfonned  with  Flanana  mac- 
ulata,  in  which  the  oxygen  consumption  was  tested  first  in  aerated  tap 
water  and  next  in  aerated  tap  water  containing  KCN.  Table  2  states 
the  conditions  and  gives  the  results.  The  headings  of  the  columns  are 
self  explanatory.  Part  A  gives  the  analyses  of  the  blanks,  which  tell 
the  amoimt  of  oxygen  in  the  experimental  bottles  of  part  B  at  the 
beginning  of  ^e  experiment,  and  which  serve  also  as  a  control  for  the 
uniformity  of  filling  of  the  experimental  bottles.  The  first  test  in 
aerated  tap  water  is  a  control  to  show  the  degree  of  uniformity  of 
oxygen  consumption  by  the  animals  used  in  tiie  different  bottles  of  the 
experiment.  In  the  second  test,  the  bottles  of  set  I  contained  no  KCN, 
and  serve,  therefore,  as  a  control  for  those  sets  in  which  cyanide  was 
used.  Bottles  of  set  II  contained  the  strongest  KCN  solution,  set  III 
a  weaker  solution  and  set  IV  the  most  dilute  solution.  Column  4 
shows  that  in  every  case  worms  in  cyanide  solutions  used  much  less 
-  oxygen  than  those  in  pure  water.  In  the  previous  test,  column  2,  they 
aU  used  approximately  the  same  amounts  of  oxygen.  Column  4  indi- 
cates also  that  worms  in  the  weakest  solutions,  i.e.,  set  IV,  used  more 
oxygen  than  those  in  stronger  solutions,  but  the  worms  in  the  stronger 
solutions  suffered  injury,  as  is  ^own  in  column  6,  so  that  this  experi- 
ment is  inconclusive  so  far  as  concerns  the  relative  effects  of  KCN 
solutions  of  different  concentrations.  Worms  of  set  IV,  however,  all 
of  which  remained  ahve  and  uninjured  in  0.000076  molecular  KCN, 
^owed  a  reduction  of  over  half  in  their  oxygen  consumption. 

A  second  preliminary  experiment  was  then  performed  with  Planaria 
agilis,  usii^  weaker  solutions  of  KCN.  The  conditions  and  results 
are  shown  in  table  3.  The  general  organization  of  the  experiment 
and  the  controls  was  the  same  as  in  the  former  experiment.  Column  2 
shows  again  that  worms  in  cyanide  solutions  invariably  consumed  less 
oxygen  than  those  in  pure  water,  while  column  1  shows  that  in  the 
preliminary  test  in  pure  water  they  all  consumed  approximately  the 
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TABLE  1 

Preliminary  experiment  thomng  decreaie  in  the  oxygen  consumption  by  Planaria 
maetdata  t'n  KCN  iolulioni.  Worm,  m«dtu»i  gite,  in  laboratory  »ix  dayi  un(A- 
out  food,  10  indipiduali  in  each  bottle.  Room  temperature  tO"  to  SfC.  1  ee. 
tkioiulphate  -  0.17B1  ee.  oxygen  al  N.  T.  P. 


H>T 

.^ 

\ 

nmTTWT 

BOUU) 

•■CONDTUT  (DnaiTIOH  10.!  DOUW) 

BUdIu 

BUnkl 

A 

ill 

1 
2 
3 

3.36 
3.32 
3.33 

«.ttiB. 

3.90 
3.95 
3,91 

Average 

3.34 

3.02 

1 
2 
3 

1 

2 

1 
2 

1 
2 

(1) 

(i) 

(1) 

H) 

(1) 

(t) 

1 

CwOj 

OWKM^ 

"Esr 

^-"^^^JT"* 

B 

I 
II 

III    1 

„| 

Mia. 

2.6fi 
2.65 
2.70 

2.64 

2.69 
2.65 

2.78 
2.69 

itii,. 

9,68 
D.69 
0.64 

0.70 
9.65 

o.6g 

0.56 
0.65 

0.67 
D.70 

0.67 

0.61 

rtio. 
3.33 
3.29 
3.23 

3.73 

3.74 

3.80 
3.74 

3.70 
3.66 

Mo. 
0.02 

0.63 
0.66 

0.19 

0.18 

0.12 
0.18 

0.22 
0.26 

0,64 
0.19 

0.15 

0.24 

NoKCN 
0.00015  M 

0.000114  M 

0,000076  M 

Alt  alive 

3  duintegratiiiK 
2  curled  up 

2  duintegrAting 
4  curled  up 

4  disintegrating 

1  curled  up 

4  disintegrating 

2  curled  up 

All  alive 
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Bame  amounts.  Id  this  experiment  all  worms  remained  alive  and 
uninjured.  A  comparison  of  the  averages  in  columns  2  and  4  shows 
tiiat  there  is  an  iaverse  relation  between  the  concentration  of  the 
cyanide  and  the  oxygen  consumption  or,  in  other  words,  that  there  is 

TABLE* 

Preliminary  experiment  shomng  deeraiue  in  the  oxygen  contumption  bj/  Planaria 
a^lit  in  KCN  golutiom.  Worm*,  It  to  IS  mm.  in  hngth;  fed  beef  liver  daily  HU 
three  days  previous  to  the  experiment;  10  individuali  in  each  boltU.  Each  lett 
period  of  8  Aourf  duration.  Room  temperature,  lt°  to  ti°C.  I  cc.  thiolidphale 
-  0.17SI  ee.  oxygen  at  N.  T.  P. 
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a  direct  relation  between  the  concentration  of  KCN  and  the  decrease 
in  the  oxygen  consimiption.  The  averi^s  of  column  2  have  been 
converted  into  percentages  in  column  3,  where  it  is  seen  that  the  ox- 
ygen consumption  in  0.000076  molecular  KCN  was  only  38  per  cent  of 
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normal.  In  the  previous  experiment,  table  2,  the  oxygen  consumption 
in  this  eame  concentration  of  cyanide  waa  36  per  cent  of  normal. 

It  might  be  noted  that  at  the  end  of  this  experiment,  when  the 
worms  in  cyanide  were  disturbed,  they  all  became  active  but  there  was 
a  very  marked  gradation  in  the  rate  of  locomotion  in  the  different  con- 
centrations of  KCN.  In  the  strongest  cyanide  the  rate  waa  least  while 
in  the  weakest  cyanide  the  rate  was  only  slightly  less  than  that  of  the 
worms  in  pure  water. 

In  order  to  determine  the  general  character  of  the  proportionality 
between  the  concentration  of  the  oyaside  and  the  amount  of  oxygen 
consumed,  the  experiment  summarized  in  table  4  was  performed. 
The  general  plan  of  the  experiment  was  the  same  as  that  of  the  pre- 
vious experiments  except  that  a  greater  number  and  a  wider  range  of 
concentrations  of  KCN  were  used.  Seven  different  concentrations 
were  employed,  ranging  from  0.00000076  molecular  to  0.00038  molec- 
ular. Coiimin  I  shows  a  high  degree  of  uniformity  in  the  oxygen 
consumption  of  the  different  sets  in  tiie  first  test  without  cyanide. 
Colimm  2  shows  that  in  the  second  test  tiie  oxygen  consimiption  de- 
creased very  regularly  as  the  concentration  of  KCN  increased.  In 
the  strongest  solution,  set  VIII,  the  worms  were  all  disintegrated  at  the 
end  of  the  experimental  period  so  that  the  figures  in  this  part  of  tiie 
table  may,  perhaps,  be  neglected.  Worms  in  sets  VI  and  VII  seemed 
to  be  near  the  limit  of  their  resistance  and  the  figures  of  set  VII  might 
be  questioned. 

While  the  experiment  recorded  in  table  4  gave  very  consistent  re- 
sults, ihe  absolute  values  were  so  small  that  the  experiment  was  re- 
peated with  larger  worms,  as  summarized  in  table  5.  The  "second 
part"  of  this  experiment  will  be  discussed  under  the  topic  "Reversi- 
bility of  the  action  of  KCN  on  Planaria."  For  the  present,  attention 
is  confined  to  the  "first  part,"  i.e.,  to  the  first  and  second  tests.  In 
this  experiment  all  wonns  remained  alive  and  uninjured.  In  the  con- 
trol test,  the  worms  in  each  of  the  different  bottles  consumed  approxt- 
■  mately  the  same  amount  of  oxygen,  column  1.  In  the  cyanide  test 
the  worms  in  0.00023  molecular  KCN,  set  VII,  consumed  only  28 
per  cent  as  much  oxygen  as  the  control,  set  I.  Worms  in  0.00015 
molecular  KCN  consumed  35  per  cent  as  much  as  the  control  and 
worms  in  0.000076  molecular  KCN  consumed  53  per  cent  as  much 
oxygen  as  the  control.  In  the  still  weaker  concentrations  the  oxygen 
consumption  was  practically  the  same  as  the  control.  These  concen- 
trations were  very  dilute  and  were  chosen  to  see  whether  minimal 
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TABLE  1 

Showing  the  relation  of  decrease  in  the  oxygen  eontumption  bj/  Ptaaaria  a^/ilit  in 
KCN  lolutiont  to  the  coneenlralion  of  the  KCN.  Wottm,  10  to  IS  mm.  in  length; 
fed  beef  liver  almost  daily  till  It  days  previout  to  experiment;  10  individuals  in 
eaek  bottie.  Temperature  IB.T  to  IB.S'C.  I  ee.  thiosulphate  ^0.1751  ee.  oxjfgen 
at  If.  T.  P. 
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Firil  pari  (Jirtl  and  second  teiU)  showing  Ike  relation  0/  Ike  decreaee  in  the  oxygen 
consumption  by  Planaria  agitis  in  KCN  solutions  to  Ike  coTtcentration  of  KCN. 
WoTTns,  IS  to  IB  mm.  in  lerigtk  and  very  broad,  witkout  food  for  S8  dayt  ■previottt 
to  experimenls,  tO  individuals  in  each  bottle.  Each  lest  period  of  It  hours  dura- 
tion, with  It  houre  interval  between  tests.  Temperature  19.S°  to  tO.O'C.  1  ce. 
Ihiosulphaie  =  O.I7t9  ce,  oxygen  at  N.  T.  P. 

Second  part  (third  test)  showing  reversibility  of  the  effect  of  KCN  in  reducing  the 
oxygen  consumption.     Third  test  follows  second  lest  after  interval  of  IS  kourt. 
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quantities  of  cyaoide  cause  marked  decrease  or  increase  in  th6  oxygen 
consumption.  The  results  showed  neither  efFect.  The  percentages 
in  column  3  run  sU^tly  above  the  control  but  the  difference  is  not 
s^nificant,  especially  when  it  ia  considered  that  seta  II,  m  and  IV 
used  more  oxygen  than  set  I  in  the  control  test  also,  colimin  1.  This 
point  has  not  been  tested  further  as  yet,  but  so  far  as  these  experiments 
go  they  do  not  give  any  evidence  of  a  "stimulating  effect"  of  very  weak 
KCN  upon  the  oxygen  consumption  of  Planaria. 


Fig.  1.  Curves  showiag  decrease  in  the  oxygen  conaumptioD  by  Planaria 
agilia  in  KCN  solutions  of  different  concentration.  Abscissas  "  molecular 
concentration  of  KCN.  Ordiaates  >-  average  oxygen  consumption  per  bottle 
of  worms,  in  cubic  centimeters  of  thiosulphate.  Curve  i  represents  the  data  of 
table  4,  column  2,    Curve  B  represents  the  data  of  table  5,  column  2. 

The  data  of  tables  4  and  5  have  been  plotted  in  figures  1  and  2. 
Figure  1  shows  the  average  oxygen  consumption  per  bottle  in  cubic 
centimeters  of  thiosulphate,  plotted  against  the  concentration  of  KCN. 
The  curve  marked  4  represents  the  data  from  table  4,  and  the  curve 
marked  5  represents  the  data  from  table  5.  Each  point  on  curve  4 
represents,  therefore,  the  averse  of  two  determinationfi,  and  each 
point  on  curve  5  represents  the  average  of  three  determinations.  The 
two  curves  do  not  coincide  because  they  represent  the  absolute  amounts 
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of  oxygen  consumed  by  vorme  of  different  sizes,  but  it  can  be  seen  at 
a  glance  that  they  have  the  same  general  form.  Figure  2  shows  the 
average  oxygen  consumption  in  different  KCN  solutions,  expressed  in 
per  cent  of  the  control.  As  in  ^ure  1,  the  curve  marked  4  represents 
the  data  of  tAble  4  and  the  curve  marked  6  represents  the  data  of 
table  5.  Four  things  may  be  noted  in  figure  2 :  first,  that  the  two 
curves  almost  coincide,  showing  that  the  two  experiments,  tables  4  and 
5,  give  identical  results;  second,  that  the  curves  fall  sharply;  third, 
that  they  are  not  straight  lines;  and  fourth,  that  they  approach  the 


a.oooia 

»0L.  KCN. 

Fig.  2.  Curves  showing  decrease  in  the  rst«  of  oxygen  conaumption  by  PIanari& 
agiliB  in  KCN  solutions  of  different  concentTfttion.  Abscissas  -  molecular 
concentration  of  KCN.  Ordin&tea  ■>■  rate  of  oxygen  consumption  in  per  cent  of 
normal.  Curve  i  repreeeots  the  data  of  table  4,  column  3.  Curve  5  represents 
the  data  of  table  6,  column  3. 

horizontal  at  about  20  per  cent  of  the  normal.  We  may  conclude, 
therefore,  that  lower  concentrations  of  KCN  have  proportionately 
greater  effect  upon  the  oxidations  than  more  concentrated  solutions; 
and  second,  that  the  oxidations  cannot  be  reduced  by  cyanide  below 
about  20  per  cent  of  the  normal.  In  other  words,  these  results  indicate 
that  a  residual  oxidation  amounting  to  about  20  per  cent  of  the  normal  ~ 
cannot  be  inhibited  by  KCN*.  No  clear  evidence  is  obtained  from  exper- 
iments4and5fora8timulation  of  oxidations  in  weak  solutions  of  KCN. 
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OXYGEN    CONflCMPTION   BY   PLANARIA   IN   KCN   8OL0TIONR   DURING    TIME 
FEBIODS  OF  DrPFEBENT  LBNQTH 

It  is  possible  that  the  rate  at  which  Planaria  use  oxygen  in  KCN 
Bolutions  changes  with  time.  Miss  Hyman  (7)  reports' finding  such 
changes  in  the  oxygen  consumption  by  8[>onges  for  the  first  two  or 
three  half-hour  periods.  But  when  longer  experimental  periods  are 
employed,  as  in  the  experiments  reported  in  this  paper,  it  seems  im- 
probable that  the  precise  length  of  the  period  should  alter  the  general 
filiaracter  of  the  results.  However,  to  make  certain  regarding  this 
point,  the  following  experiment  was  performed.  Different  sets  of 
worms  were  tested  for  periods  of  different  length  from  2  to  36  hours. 
All  sets  were  started  at  the  same  time.  Set  I  was  stopped  after  2 
hours,  set  II  after  4  hours,  set  III  after  8  hours,  etc.,  as  can  be  seen 
in  column  1,  table  6.  Each  set  comprised  two  bottles  of  worms  used 
as  a  control  set  and  two  bottles  used  as  an  experimental  set. 

All  sets  were  tested  first  in  aerated  tap  water  as  a  general  control 
for  the  second  test,  in  which  the  experimental  sets  were  treated  with 
KCN.  This  preliminaiy  control  test  was  carried  out  in  every  respect 
like  the  second  test  except  that  no  KCN  was  present  in  any  of  the 
bottles.  Attention  may  be  called  to  several  points  in  the  results  of 
the  control  test  which  give  evidence  regarding  the  accuracy  of  the 
methods.  It  will  be  noted  in  column  2  that  for  the  short  periods  more 
worms  were  used  in  each  bottle  and  for  the  longer  periods  fewer  indi- 
viduals, were  used.  Column  3,  which  states  the  amoimt  of  oxygen 
absorbed  by  the  worms  in  each  bottle  in  cubic  centimeters  of  thiosul- 
phate,  shows  that  not  more  than  the  equivalent  of  2.20  cc.  thiosulphate 
was  absorbed  by  the  worms  in  any  bottle,  i.e.,  not  more  than  about 
half  of  the  amount  of  ojcygen  available  in  each  bottle  at  the  begtnning 
of  the  period,  4.21  cc.  thiosulphate.  The  worm?  of  the  longer  experi- 
mental periods  were  not  subjected,  therefore,  to  oxygen  starvation. 
In  the  next  place,  the  d^ree  of  uniformity  among  the  individual 
determinations  is  shown  in  column  4.  In  this  column  the  oxygen 
consumption  has  been  reduced  to  the  common  basis  of  the  number  of 
cubic  centimeters  of  oxygen  gas  at  normal  temperature  and  pressure 
absorbed  per  10  worms  per  24  hours.  The  individual  determinations 
ranged  from  4.02  to  4.50  cc.  of  oxygen,  with  the  exception  of  one  deter- 
mination, set  Vb,  bottle  1,  which  was  as  low  as  3.38  cc.  oxygen.  An 
examination  of  further  records  of  this  particular  lot  of  worms  is  instruc- 
tive.   Table  8  gives  the  oxygen  consumption  by  the  worms  in  each 
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TABLE  S 
Shounng  that  Planaria  OQilis  in  a  KCN  loltititm  maintaina  approximately  the  same 
rait  of  oxygen  contumptiim  during  time  periods  of  very  different  length.  Warm* 
IS  to  18  mm.  in  length  and  very  broad;  ynthout  food  for  18  days  previous  to  the 
experiment  except  feedings  on  the  6th  and  Bth  days  before  the  experiment.  Con- 
centration of  KCN  =  O.OOOOS  molecular.  All  botttee  started  at  the  same  time  and 
arutlyzed  after  periods  of  different  length,  at  noted.  Temperature  1 ,94"  to  iO  0°C. 
All  worms  alive  at  the  end  of  the  experiment.  1  cc.  thiosulphate  =  0.1747  ee. 
oxygen  at  N.  T.  P. 
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bottle  of  sets  Va  and  Vb  for  five  successive  tests.  In  every  test  tluB 
particular  lot  of  worms,  set  Yb  1,  absorbed  much  less  oxygen  than  any 
other  lot.  Evidently  this  lot  of  worms  was  not  equivalent  to  the 
others  in  its  normal  capacity  for  absorbing  oxygen  and  the  low  value 
of  3.38  cc.  in  table  6,  column  4,  set  Vb  1,  was  due  to  irregularity  of 
material  rather  than  to  any  error  in  experimental  measurement.  Part 
of  the  variation  between  the  other  determinations  also  may  be  due  to 
irregularities  of  material  since  the  worms  were  selected  for  uniformity 
of  size  without  measurement  of  their  actual  weights.  It  may  be 
noted  that  column  4,  table  6,  shows  no  appreciable  difference  between 
the  normal  rate  of  oxygen  absorption  during  short  and  longer  periods 
of  time.  This  is  further  evidence  of  the  reliability  of  the  experimental 
methods. 
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The  amount  of  oxygen  absorbed  by  the  worms  in  each  bottle  during 
the  second  test.is  given  in  cubic  centimeters  of  thioaulphate  in  column 
6.  In  this  test  the  experimental  worms  were  treated  with  0.00003 
molecular  KCN.  This  concentration  was  chosen  because  it  has  been 
found  to  cause  a  reduction  in  oxygen  consumption  which  is  inter- 
mediate between  the  maximum  and  minimum  effects  of  cyanide. 
The  oxygen  consumption  by  worms  in  this  solution  during  each  of  the 
different  periods  of  time,  from  two  to.  thirty-six  hours,  was  compared 
with  that  of  the  corresponding  untrest«d  worms.  For  example,  the 
average  oxygen  consumption  by  the  control  set,  la,  which  were  in 
pure  water  for  2  hours,  was  0.72  cc.  thiosulphate,  column  6.  The 
average  oxygen  consumption  by  the  experimental  set,  lb,  which  were 
in  cyanide  for  the  same  period  of  2  hours,  was  0.47  cc.  thiosulphate  or 
65  per  cent  of  the  normal.  Similarly  the  average  oxygen  consumption 
of  the  other  control  sets:  Ila,  Ilia,  IVa,  Va,  and  Via,  column  6,  were 
each  taken  as  normal  or  100  per  cent,  cofumn  7,  with  which  were  com- 
pared the  average  oxygen  consumption  of  the  corresponding  experi- 
mental sets:  lib,  Illb,  IVb,  Vb,  and  VIb.  Similar  calculations  for 
the  first  test,  column  5,  showed  that  the  experimental  sets  were  equiv- 
alent to  the  control  sets  in  every  case  excepting  set  V,  which  has  been 
discussed  above.  Column  7  shows,  then,  that  the  cyanide-treated 
worms  in  the  second  test  used  about  60  per  cent  of  the  normal  amount 
of  oxygen.  As  explained  above,  the  worms  in  set  Vb  1  were  not  equiv- 
alent to  those  in  other  bottles.  When  this  fact  is  taken  into  account, 
the  49  per  cent  in  column  7,  set  Vb,  becomes  57  per  cent. 

In  this  experiment  the  rate  of  oxygen  consumption  in  cyanide  solu- 
tion was  practically  the  same  during  periods  of  different  length  from 
two  to  thirty-six  hours.  The  inhibitory  action  of  KCN  on  oxidations 
in  Planaria  was  inunediate  or  very  rapid,  therefore,  and  it  did  not 
change  with  time,  at  least  within  the  limits  of  the  experiment.  There 
was  no  evidence  of  an  initial  stimulating  effect  of  cyanide  on  the 
oxidations. 

BEVBRSIBILITV  OP  THE  ACTION  OP  KCN  ON  PLANARIA 

Potassium  cyanide  is  sometimea  classed  among  the  anesthetics. 
One  of  the  characteristics  of  the  action  of  the  anesthetics  is  their  rever- 
sibUity,  i.e.,  the  fact  that  if  the  anesthetic  has  not  been  given  in  too 
strong  concentration  and  has  not  acted  for  too  long  a  time,  the  organ- 
ism recovers  from  its  effect  rapidly  and  completely  after  removal 
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from  its  action.    Several  experimenta  demonstrated  that  the  action 
of  KCN  on  the  oxygen  absorption  by  Flanaria  is  reversible. 

Table  5,  column  5,  shows  the  complete  recovery  of  the  original  rate 
of  oxidation  by  Flanaria  after  their  removal  from  solutions  of  cyanide 
in  which  their  oxidations  were  only  28  to  53  per  cent  of  the  normal. 

TABLET 
Showing  TeoeTtibility  of  the  effect  of  KCN  on  the  oxygen  rontumption  by  Planaria 
agilU.  Wonna  IS  lo  18  mm.  in  leTigtk  and  very  broad;  without  food  for  IS  days 
preceding  the  experinunt  except  feedingi  on  the  Sth  and  8th  dayt  previovt  to  ex- 
periment; to  individuals  in  each  bottle.  Each  test  period  of  4  hours  duration. 
Concentration  of  KCN  solution  —  O.OOOOS  moUcidar.  After  umrtm  u^ere  removed 
from  the  KCN  of  the  tnd  test  they  were  washed  repeatedly  in  tap  neater  and  eel  for 
the  Srd  teat  within  SO  minutes.  Data  of  the  1st  arid  tnd  tests  included  also  in 
table  6.  Temperature  IB.i'  to  tCO'C.  I  cc.  thiotulphate  -  0.1747  ce.  oiyQtn 
at  N.  T.  P. 
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Twelve  hours  intervened  between  the  second  and  third  tests  in  this 
experiment  so  that  the  experiment  gives  no  idea  of  the  rapidity  of  the 
recovery  of  the  normal  rat«,  but  it  does  show  completeness  of  recovery. 
Table  7  shows  that  the  recovery  is  as  rapid  as  is  the  action  of  the 
cyanide  in  reducing  the  oxidations.  The  first  test,  column  1,  was  the 
control  test.    The  second  test,  column  2,  showed  a  decrease  in  the 
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oxygen  consumption  to  65  per  cent  of  the  nonnal  in  0.00003  molecular 
KCN.  The  third  and  fourth  tests  show  complete  recovery  of  the 
Donnal  couHUmption  in  tap  water.  The  third  test  followed  the  second 
with  only  thirty  minutes  interval.  In  this  experiment  the  test  periods 
were  each  of  four  hours'  duration.    The  first  and  second  tests  of  this 

TABLES 

Shoteing  reveriibilily  of  the  e^cct  of  A'C.V  on  the  oxygen  cortsumption  by  Planaria 
071(1*8.  Worms  15  to  16  mm.  in  length  and  very  broad;  without  food  for  IS  days 
■preceding  experiment  except  for  feedings  on  the  Stk  and  eik  days  previoiit  to  the 
experiment;  S  indimdualt  in  each  bottle.  Concentration  of  KCN,  O.OOOOS  molec- 
ular. After  worms  were  removed  from  KCN  of  the  Snd  test  they  were  washed 
repeatedly  in  tap  water  and  put  into  bottles  for  the  3rd  test  witkintlT  minutes. 
Temperature  19.i  to  tO-O'C.  I  cc.  thiosulphale  -  0.1747  ce.  oxygen  at  N.  T.  P. 
Data  of  1st  and  tnd  testa  included  in  table  6. 
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table  are  included  also  in  table  6.  After  a  short  exposure,  therefore, 
to  cyanide  which  reduced  the  oxygen  consumption  40  per  cent,  the 
consumption  rose  again  to  nonnal  after  removal  from  the  cyanide 
Bolution,  as  rapidly  as  it  fell  in  the  cyanide. 

Table  8  shows  a  similar  rapid  recovery  of  the  normal  oxygen  con- 
sumption by  worms  after  long  exposure  to  cyanide  solutions  of  the 
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same  concentration.  In  the  control  test,  test  1,  set  Vb,  the  experi- 
mental worms  used  86  per  cent  as  much  oxygen  as  the  control  worms, 
test  1,  set  Va,  so  that  this  is  the  normal  consumption  of  these  worms. 
In  the  second  test  the  worms  in  0.00003  molecular  KCN,  column  2, 
set  Vb,  used  49  per  cent  as  much  oxygen  as  the  control,  column  2, 
set  Va,  i.e.,  they  used  57  per  cent  as  much  as  was  normal  for  the  experi- 
mental worms.  In  the  third,  fourth  and  fifth  tests,  the  experimental 
worms  recovered  their  normal  consumption  of  oxygen.  The  first  and 
second  tests  were  each  twenty-four  hours  in  duration  and  the  third 
and  fourth  were  each  six  hours  in  duration.  The  interval  between  the 
second  amj  third  tests  was  only  seventeen  minutes.  After  exposure 
to  the  action  of  cyanide  for  twenty-four  hours,  therefore,  the  worms 
recovered  so  rapidly  after  removal  from  the  cyanide  solution  that  the 
normal  rate  was  maintained  for  the  first  six  hours.  The  first  and  sec- 
ond tests  of  this  experiment  are  included  also  in  table  6. 

BELATION   BETWEEN   THE    OXYGEN   CONSUMPTION   BY    PLANABIA   IN   KCN 
AND    LDCOMOTOR    ACTIVITY 

Since  it  has  been  demonstrated  by  numerous  experiments  that  the 
oxygen  consumption  by  Planaria  falls  very  markedly  in  KCN  solutions, 
the  question  arises  whether  this  decrease  can  be  accounted  for  by 
decreased  locomotion  in  the  cyanide  solutions.  The  locomotion  of 
Planaria  can  be  stopped,  as  has  been  stated  by  Child  (1,  p.  161),  by 
cutting  oBF  the  head  and  this  operation  does  not  involve  serious  injury 
to  the  worm.  To  get  a  picture  of  how  effective  this  measure  is  in 
stopping  locomotion,  the  experiment  recorded  in  table  9  was  performed. 
Four  bottles  containing  five  worms  each  were  placed  in  a  darkened 
room  where  they  could  be  observed  very  carefully  without  disturbing 
the  worms.  The  first  bottle  contained  normal  worms;  the  second 
bottle,  worms  with  the  heads  removed  close  behind  the  auricles;  the 
third  bottle,  worms  with  the  heads  removed  a  short  distance  in  front 
of  the  pharynx;  and  the  fourth  bottle  contained  worms  in  a  0.000076 
molecular  solution  of  KCN.  All  bottles  were  observed  at  frequent 
intervals  during  eight  hours.  At  each  observation  the  number  of 
worms  found  in  movement  in  each  bottle  was  recorded.  After  the 
first  few  observations  the  positions  of  the  different  individuals  were 
easily  remembered  and  any  worm  which  had  changed  position  since 
the  last  observation  was  counted  as  in  motion.  This  was  very  con- 
venient in  the  case  of  the  worms  in  the  cyanide  since  they  moved  very 
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slowly.  The  table  shows  that  the  removal  of  the  head  stops  move- 
ment inunediately  and  almost  completely.  After  the  original  dis- 
turbance the  normal  worms  required  some  time  before  coming  to  rest, 
but  once  at  rest  they  remained  so  for  hours,  if  not  disturbed.    The 

TABLES 
Showing  that  rernoval  of  the  htad  of  Planaria  agilit  is  more  effective  than  0.000078 
molecular  KCN  in  itoppirts  toromotion.  Worm*  It  to  Si  mm.  in  length;  S  indi- 
viduaU  in  each  bottle.  Warmt  of  bottle  I  were  normal.  Bottle  II,  head*  of  morma 
rtmoetd  a  ihort  distance  posterior  to  auricles  at  9:00  a.m.  Bottle  III,  headt  re- 
movtd  a  short  distance  anterior  to  pharynx.  Bottles  I,  II  and  III  placed  in  dim 
light  at  9.-05  a.m.  and  not  again  diituTbed.  Bottle  IV,  norms  placed  in  0.00007$ 
molecular  KCN  at  9:Jfi  a.m. 
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bottle  of  cyanide-treated  worms  was  started  thirty-five  minutes  later 
than  the  other  bottles,  but  if  the  table  is  read  with  this  is  mind  it 
will  be  seen  that  the  worms  in  cyanide  were  in  motion  for  even  more 
of  the  time  than  the  normal  worms  not  in  cyanide,  although  the  rat« 
of  motion  in  cyanide  was  very  slow.     This  experiment  shows,  there- 
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fore,  that  the  locomotion  is  stopped  more  completely  by  cutting  off  the 
head  than  by  immersion  in  cyanide. 

It  remains,  then,  to  determine  the  relative  effects  of  cutting  off  the 
head  and  of  inmiersion  in  cyanide  solutions  upon  the  o^gen  consump- 
fion  by  Planaria.  The  experiment  summarized  in  table  10  shows  that 
0,000076  molecular  KCN  reduced  the  oxygen  conaumption  three  times 
as  much  as  cutting  off  the  head.  In  other  words,  the  cyanide  had 
three  times  as  much  effect  in  inhibiting  the  oxidations  in  Planaria  as 
could  be  attributed  to  loss  of  movement.  Furthermore,  there  was 
still  some  movement  in  the  cyanide  solution.. 

This  experiment  involves  an  element  not  included  in  other  experi- 
ments reported  in  this  paper.  When  the  head  of  a  worm  is  cut  off 
a  considerable  amount  of  tissue  ia  removed,  so  that  the  amount  of  - 
oxygen  consumed  after  such  removal  cannot  be  compared  with  that 
before  the  removal,  unless  account  is  taken  of  the  loss  of  body  weight. 
In  this  experiment,  therefore,  the  set  of  worms  used  in  each  bottle 
was  weighed  after  each  experimental  period.  The  methods  of  weigh* 
ing  will  be  described  in  a  later  paper.  Table  10,  part  A,  gives  the 
analyses  of  the  blanks  as  heretofore.  Part  B,  column  1,  gives  the 
oxygen  consumption  by  the  worms  in  each  bottle  during  the  control 
test.  Column  2  gives  the  weight  of  the  worms  in  each  bottle  and  col- 
umn 3  gives  the  oxygen  consumption  by  these  worms  in  cubic  centi- 
meters of  oxygen  gas  at  normal  temperature  and  pressure  per  gram 
weight  of  worms  per  24  hours.  For  the  second  t«st,  columns  4,  5  and 
6  give  the  corresponding  data.  The  worms  of  set  I  were  control  worms, 
uncut  and  not  in  cyanide.  They  consumed  5.2  cc.  of  oxygen  per 
gram  per  24  hours  during  the  second  test.  Set  II  were  uncut  worms 
in  0.000076  molecular  KCN  and  they  consumed  2.2  cc.  of  oxygen  per 
gram  per  24  hours,  i.e.,  42  per  cent  of  the  control  or  normal.  Set 
III  were  headless  worms,  not  in  cyanide,  and  they  consumed  4.3  cc. 
of  oxygen  per  gram  per  24  hours,  i.e.,  83  per  cent  of  norm^,  twice  as 
much  as  the  normal  worms  in  cyanide.  Set  IV  were  headless  worms 
in  cyanide.  These  had  the  same  rate  of  oxygen  consumption  as  the 
normal  worms  in  cyanide.  It  may  be  concluded,  therefore,  that 
after  eliminating  its  effect  upon  movement,  KCN  reduces  the  rate  of 
oxidations  at  least  50  per  cent,  and  when  it  is  considered  that  the 
concentration  of  cyanide  used  in  this  experiment  did  not  cause  as  great 
a  decrease  of  the  oxidations  as  the  stronger  solutions  used  in  previous 
experiments,  it  may  be  concluded  that,  apart  from  its  effect  upon  loco- 
motion, KCN  can  inhibit  the  oxidations  more  than  50  per  cent. 
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One  further  factor  remains  undetermined  in  these  experiments. 
That  is  the  relation  of  the  loss  of  muscle  tone  in  cyanide  solutions 
to  the  reduction  of  the  rate  of  oxidations.  Headless  worms  contract 
strongly  and  it  may  be  that  they  as  well  as  the  nonnal  worms  con- 
smne  oxygen  in  maintaining  a  muscle  tone  which  is  lost  in  cyanide 
solutions. 


1.  It  has  been  proved  that  Winkler's  method  as  carried  out  in  these 
experiments  is  sufficiently  reliable  for  the  quantitative  measurement 
of  the  oxygen  consumption  by  Planaria. 

2.  The  oxygen  consumption  by  Planaria  can  be  reduced  to  30  per 
cent  of  the  normal  rate  by  KCN*  in  a  concentration  as  low  as  0.0002 
molecular. 

3.  The  amount  of  the  reduction  varies  with  the  concentration  of 
the  cyanide,  not  directly  but  as  a  power  function,  lower  concentrations 
causing  proportionately  greater  reduction  than  higher  concentrations. 

4.  The  relation  between  the  concentration  of  KCN  and  its  inhibi- 
tory effect  upon  the  rate  of  oxidation  in  Planaria  agilis  indicates  that 
a  residual  oxidation  amountii^  to  about  20  per  cent  of  the  normal 
cannot  be  inhibited  by  KCN. 

5.  No  evidence  was  obtained  of  a  stimulation  of  oxidations  in  low 
concentrations  of  KCN. 

6.  The  rate  at  which  Planaria  absorbed  oxygen  in  a  cyanide  solution 
was  found  to  be  practically  the  same  during  periods  of  different  length 
from  two  to  thirty-six  hours.  The  effect  of  cyanide  is  therefore  almost 
immediate  and  does  not  change  materially  with  time. 

7.  The  action  of  KCN  upon  oxidations  in  Planaria  agilis  is  reversible, 
worms  recovering  their  normal  level  of  oxidations  rapidly  and  com- 
pletely after  removal  from  cyanide  solutions. 

8.  The  inhibition  of  oxidations  in  Planaria  by  KCN  could  be  attrib- 
uted in  only  small  part  to  the  cessation  of  movement  which  results 
ftom  the  anesthetic  action  of  cyanide. 

9.  These  experimental  results  are  considered  important  in  them- 
selves. Questions  of  their  theoretical  interpretation  in  relation  to  the 
toxic  action  of  KCN  and  to  the  use  of  cyanide  as  a  measure  of  the 
rate  of  oxidations  are  left  for  later  consideration. 
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It  is  generally  conceded  that  transfusion  with  properly  matched 
human  blood  is  the  best  treatment  for  patients  suffering  from  the 
effects  of  hemorrhage,  when  employed  in  conjunction  with  the  usual 
measures  of  heat,  rest,  etc.  The  difficulty  of  making  careful  trans- 
fusions  in  the  advanced  dressing  stations  and  ambulances  has  made 
necessary  resort  to  infusions  with  solutions  of  sodium  chloride,  bicar- 
bonate, gelatin,  gum  arabic  and  so  on.  The  cases  reachii^  large  hos- 
pitals in  the  rear,  where  there  would  be  more  time  and  better  facilities 
for  transfusions,  are  rarely  in  a  condition  of  shock.  Durii^  a  six 
months'  period  in  a  hospital  for  French  wounded  in  Paris,  the  author 
saw  no  patient  admitted  in  a  condition  of  shock. 

The  experiments  reported  here  were  carried  out  at  the  suggestion  of 
Dr.  W.  H.  Howell,  as  part  of  the  work  being  done  under  the  super- 
vision of  the  Committee  on  Shock  of  the  Medical  Divisioti  of  the 
National  Research  Coimcil. 

In  all  cases  dc^  were  used  under  ether  anesthesia  preceded  by  a 
grain  of  morphia.  As  a  rule  no  ether  was  given  during  the  period 
of  low  blood  pressure.  The  anesthetic  was  administered  from  an 
ether  bottle  by  means  of  a  rubber  tube  passed  through  the  larynx 
into  the  trachea.  Aseptic  precautions  were  observed  throughout. 
One  of  the  carotid  arteries  was  connected  with  a  mercury  manometer 
'so  that  the  arterial  blood  pressure  might  be  observed  throughout  the 
experiment  and  recorded  on  a  smoked  drum  from  time  to  time.  A 
mean  betwe^i  systolic  and  diastolic  pressure  was  used  in  the  tabula- 
tion of  results.  The  right  femoral  artery  was  connected  by  a  cannula 
with  a  long  rubber  tube  through  which  the  animal  could  be  bled  at 
desired  intervals.  Washout  cannulas  were  employed  both  in  the  carotid 
and  femoral  arteries  so  that  the  end  of  the  artery,  the  cannulas  and 
tubes  could  be  washed  clear  with  2  per  cent  sodium  citrate  solution. 
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In  the  case  of  the  femoral  artery,  the  blood  was  washed  out  after 
each  bleeding  eo  that  no  difficulty  waa  encountered  from  clotting. 
A  cannula  in  the  femoral  vein  was  connected  with  tubing  for  infu- 
sions and  for  the  determination  of  venous  pressure. 

For  the  arterial  blood  pressure,  an  arbitrary  level  was  chosen  (40 
mm.  H;;.  in  most  cases).  By  successive  bleedings  the  pressure  was 
brought  down  to  the  chosen  level  and  kept  there  for  varjdng  lengths  of 
time.  It  happened  in  some  cases  that  the  pressure  tended  to  fall  below 
40  mm.  Hg.  down  to  35  or  30  mm.  before  the  set  time  had  elapsed.  In 
such  cases  the  pressure  was  maintained  by  infusions  of  warm  salt  solu- 
tion. At  the  end  of  the  period  the  pressure  was  raised  by  infusion  of 
one  of  the  solutions  to  be  tested.  The  course  of  the  blood  pressure 
was  then  observed  for  several  hours  and  the  wounds  closed.  If  the 
animal  survived,  his  condition  was  observed  for  a  week. 

The  solutions  used,  which  were  infused  at  about  38*C.,  were  a, 
solution  of  sodium  chloride  0.9  per  cent;  b,  gum-bicarbonate  solution 
according  to  the  formula  formerly  recommended  by  the  British  Shock 
Committee  (1)  i.e.,  6  per  cent  gum  acacia  and  2  per  cent  sodium  bicar- 
bonate. The  two  solutions,  gum  9  per  cent  and  bicarbonate  6  per 
cent,  were  sterilized  separately  in  the  autoclave  and  combined  in  the 
proportion  of  2  to  1  juat  before  infusion.  The  gum  was  made  up  in 
hot  tap  water,  allowed  to  stand  24  hours,  strained  through  flannel  and 
filtered  under  pressure  through  a  Buchner  funnel.  In  the  sterilization 
it  was  necessary  to  guard  carefully  against  escape  of  gaa  from  the  bicar- 
bonate by  using  strong  air-ti^t  bottles.  When  gas  had  escaped  there 
appeared  a  white  granular  precipitate  on  combining  the  two  solutions 
preparatory  to  use.  c.  Gum  glucose  solution  as  recommended  by 
Erlanger  (2).  In  these  experiments  the  solution  used  contained  6 
per  cent  gum  acacia  and  6  per  cent  dextrose.  The  amount  of  in- 
fusion, as  a  rule,  was  equal  to  the  amount  of  bloo<^ withdrawn  from  the 
animal.  The  total  volume  of  blood  was  calculated  to  be  5  per  cent  of 
the  animal's  weight,  although  it  will  be  noted  that  two  animals  sur- 
vived the  loss  of  101  per  cent  of  the  total  thus  calculated. 

Much  of  the  previous  work  on  intravenous  infusions  has  been  done 
by  relieving  animals  of  a  certain  per  cent  of  their  calculated  blood 
volume  and  following  this  immediately  by  salin?  or  other  injection. 
It  seemed  that  such  animals  are  not  strictly  comparable  to  patients 
who  have  lost  blood  and  then  suffer  from  the  effects  of  the  anemia  and 
acidosis  attendant  upon  continued  low  blood  pressure;  that  is,  patients 
who  have  entered  Into  a  state  of  shock.     Also,  the  abihty  of  different 


oy  Google 


TREATMENT  OF  HEMORHHAOB  123 

animals  of  the  same  species  to  withstand  the  same  per  cent  of  blood 
loss  appears  to  vary  greatly.  It  was  therefore  determined  to  bleed 
the  animals  until  the  arterial  pressure  reached  40  mm.  Hg.  and  to  main- 
tain this  pressure  as  nearly  as  possible  by  repeated  hemorrhages  or, 
if  necessary,  small  saline  infusions.  At  the  end  of  this  period  of  con- 
tinued low  blood  pressure  the  solution  to  be  tested  was  infused  into 
the  femoral  vein. 

Three  animals  were  given  injections  of  the  sodium  chloride  solution 
after  their  arterial  pressure  had  been  about  40  mm.  Hg.  for  less  than 
forty-six  minutes.  All  three  recovered  althoi^h  they  had  lost  79 
per  cent,  69  per  cent  and  85.5  per  cent  respectively  of  their  total  calcu- 
lated blood  volume.  It  was  thought  that  by  exposing  the  animal  to  a 
longer  period  of  low  pressure  a  time  would  be  found  at  which  infusion 
of  salt  solution  alone  would  not  suffice  to  save  it  and  that  this  period 
might  then  be  used  as  a  standard  in  testing  other  solutions.  With  this 
thought  in  mind  the  period  of  Ifrw  blood  pressure  was  increased  up  to 
seventy-five  minutes  at  40  mm.  pressure  and  up  to  three  and  one-half 
hours  at  50  mm.  Of  three  dogs  kept  at  50  mm.  pressure  for  two  and 
one-half  hours  and  infused  with  salt  solution,  two  survived  (experi- 
ments 22,  23,  24).  Of  two,  kept  for  three  and  one-half  hours  at  50 
mm,  pressure,  and  then  treated  with  salt  solution,  one  survived  (experi- 
ments 25,  26).  The  minimum  time  at  which  all  animals  would  die 
when  infused  with  salt  solution  was  not  determined,  but  a  number  of 
animals  were  subjected  to  the  same  treatment,  along  the  lines  stated 
above,  and  infused  with  one  of  the  three  solutions. 

Selecting  all  the  experiments  in  which  the  blood  pressure  was  kept 
at  40  mm.  for  more  than  sixty  minutes,  we  derive  table  1.  The  num- 
ber of  experiments  is  rather  small  for  drawing  conclusions,  hut  treat- 
ment with  saline  appears  as  successful  as  that  with  the  other  two 
solutions. 

If  one  compares  the  results  of  the  infusions  according  to  the  per- 
centage of  blood  lost  in  each  case  table  2  is  obtained. 

It  is  difficult  to  draw  conclusions  as  to  the  efficacy  of  the  solutions 
employed  from  the  above  table  also  but  it  does  show  very  plainly  that 
l&Tfsp  quantities  of  blood  may  be  lost,  if  only  it  be  replaced  by  an  in- 
travenous injection  and  the  pressure  raised  thereby.  If  the  adequate 
injection  be  delayed  too  long  there  comes  a  time  when  the  oi^anism 
will  no  longer  respond,  the  pressure  falls  and  respiratory  failure  super- 
venes. This  period  varies  greatly  in  different  animals.  In  experi- 
ment 27,  86  per  cent  of  the  total  calculated  blood  was  lost,     Thirty- 
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one  minutes  after  the  first  bleeding  the  pressure  had  fallen  to  26  mm. 
Hg.  and  63  cc.  saline  solution  were  sufficient  to  raise  it  to  50  mm. 
After  eighty-two  minutes  52  cc.  saline  were  sufficient  to  raise  the  pres- 
sure, which  bad  again  fallen,  from  30  mm.  up  to  45  mm.  Hg.  At  one 
hundred  and  twenty  minutes  70  cc-  saline  raised  the  pressure  from  27 
to  44  nun.;  one  hundred  and  sixty-two  minutes  after  the  initial  bleed- 
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'Note.  No  animal,  treated  with  any  infusion,  lived  after  having  lost  more 
than  101  per  cent  of  his  total  calculated  blood  volun.e.  Hence,  for  purposes  of 
comparison,  experiments  2  and  7,  where  the  blood  loss  was  above  that  figure, 
are  not  included  here. 

ing  88  CC.  were  required  to  raise  the  pressure  from  24  to  38  mm.  At 
two  hundred  and  ten  minutes  the  pressure  dropped  rapidly  to  12  mm., 
and  injection  of  gum-bicarbonate  solution  caused  only  an  increased 
heart  rate  but  did  not  prevent  the  developing  respiratory  failure  nor 
influence  the  pn^essive  fall  of  blood  pressure  to  zero. 

While  the  animal  has  this  tow  blood  pressure,  there  results,  as  has 
been  emphasized  by  Cannon  (3),  a  condition  of  acidosis.    This  acidosis 
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develops  gradually  as  shown  in  experiment  13  (see  6g.  1)  in  which  the 
pressure  was  held  at  about  40  mm.  Hg.  for  sixty-eight  minutes.  De- 
terminations were  made  upon  blood  specimens  with  the  Van  Slyke 
apparatus: 

Alkaline  reserve  before  let  bleeding 45.06S 

Alkaline  reserve  3  minutes  after  lat  bleeding 38.429 

Alkaline  reserve  32  minutes  after  lat  bleeding 18.812 

Alkaline  reserve  61  minutes  after  lat  bleeding 13.078 

TABLES 
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Died 
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Gum-bicarbonate 
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Gum -bicarbonate 

Lived 
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Saline 

Died 

109 

Saline 
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110 

Saline 
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At  the  time  of  the  last  determination  the  pressure  was  26  mm.  Hg. 
Eight  minutes  later  the  animal  was  dead  in  spite  of  intravenous  injec- 
tions with  saline  and  gum-bicarbonate  solutions. 

In  experiment  14  the  dog  survived  a  reduction  of  blood  pressure  to 
40  mm.  for  sixty-two  minutes;  at  the  end  of  which  time  gum-bicar- 
bonate solution  was  injected.    The  alkaline  reserve  varied  as  follows: 
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Alkaline  reserve  before  lat  bleeding 38.221 

Alkaline  reserve  24  minutes  after  lat  bleeding 25.274 

Alkaline  reserve  61  minut«s  after  Ist  bleeding 20.579 

It  will  be  noted  that  io  the  fatal  case  the  acidosis  was  much  more 
rapidly  developed. 

For  the  sake  of  comparing  the  result  of  treatment  by  the  three  solu- 
tions, all  experiments  in  which  the  alkaline  reserve  was  determined  are 
tabulated. 

TABLE  3 
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14 
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17 
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21 

17.517 
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28 

16,749 

Lived 

18 

18.345 

Died 

25 

13.500 

Died 

13 

13.078 

Died 

15 

15.105 

Died 

23 

12-812 

Died 

With  the  exception  of  no.  12,  in  which  there  was  a  fatal  outcome  with 
a  comparatively  high  alkaUne  reserve,  it  will  be  noted  that  all  deaths 
occurred  in  animals  whose  reserve  was  low.  If  the  degree  of  shock  he 
measured  by  the  amount  of  acidosis,  gum-glucose  solution  appears  the 
least  useful  while  gum-«odium-bicarbonate  solution  appears  to  be  no 
more  efficacious  as  an  infusion  than  saline. 

In  a  number  of  the  experiments  a  venous  manometer  was  used  to 
measure  the  height  of  water  pressure  necessary  to  cause  a  flow  of  saline 
solution  in  the  femoral  vein  toward  the  auricles.  In  every  case  zero 
for  these  readings  was  the  level  of  the  femoral  vein,  this  point  being 
accurately  determined  by  breaking  the  connection  of  tubing  and 
venous  cannula  and  allowing  the  liquid  in  the  pressure  column  to  fall 
to  the  level  of  the  vein.  With  this  point  as  zero,  readings  of  venous 
pressure  were  taken  at  intervals  of  five  to  fifteen  minutes.  Whenever 
the  pulse  and  respiration  caused  a  corresponding  rise  and  fall  in  the 
pressure  column,  while  a  determination  was  being  made,  the  lowest 
point  to  which  the  pressure  fell  was  recorded. 

In  all  fatal  cases  observed  the  continued  fall  of  arterial  pressure  was 
accompanied  not  by  a  fall  of  venous  blood  pressure  but  by  a  rise. 
In  every  case  where  a  faD  of  arterial  pressure  was  accompanied  by  a 
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rise  of  venouB  pressure  for  twenty  minutes  or  more  the  outcome  was 
fatal  regardleas  of  treatment.  Figures  1,  2  and  3  will  serve  to  illustrate 
this  point.  '  In  eleven  experiments  the  venous  pressure  was  recorded 
at  frequent  intervals.    Of  the  animals  thus  used  seven  died.     In 


11 


Fig.  1.  Experiment  13;  100  per  cent  of  total  calculated  blood  volume  removed. 
After  35  minutea  the  venous  pressure  rose  steadily,  the  last  reading  being  taken 
just  before  death.  The  corresponding  increase  of  acidosis  is  measured  by  the 
diminishing  alkaline  reserve  (A.  R.)  S-1  Infusion  of  200  cc.  normal  saline. 


Fig.  2.  Experiment  26;  71  ptjr  cent  of  the  total  calculated  blood  volume  r 
moved.  In  this  case  the  dog  recovered  completely  and  there  was  no  rise  ■ 
venous  pressure  independent  of  arterial  pressure.  Infusions  of;  S-I,  6A  c 
saline  solution;  438  cc.  saline  solution. 
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every  fatal  caae  except  one  there  was  a  period  of  twenty  minuteB  or 
more  before  the  infueion  when  the  arterial  pressure  was  falling  and  ibe 
venous  pressure  rismg.  The  exception,  experiment  18,  had  arterial 
and  venous  presaureB  which  corresponded  closdy  throughout.  This 
animal,  unlike  the  others,  lived  through  the  first  twenty-four  hours  to 
succumb  on  the  second  day.  Of  the  four  which  survived  none  haH 
any  considerable  rise  of  venous  pressure  associated  with  falling  arterial 
pressure.  In  these  experiments,  then,  every  fall  of  arterial  pressure 
associated  with  a  rising  venous  pressure  for  more  than  twenty  minutes 
had  a  fatal  outcome,  and  every  experiment  with  a  fatal  outcome  inside 
of  twenty-four  hours  had  such  a  fall  of  arterial  pressure  associated 
with  rising  venous  pressure. 


I. 


Fig.  3.  Experiment  27;  86  per  cent  of  total  calculated  blood  removed.  In- 
fusions of:  S-1,  62  CO.  saline;  S-2,  52  cc.  saline;  S-3,  70  ce.  saline;  8-1,  88  cc. 
saline;  G-B,  gum  bicarbonate  solution. 

The  question  naturally  arises:  by  what  means  are  these  arterial  and 
venous  changes  associated?  Lose  of  tone  somewhere  in  the  periphery, 
e.g.,  arteries,  capillaries  or  venules,  might  seem  to  satisfactorily  explain 
the  approach  of  the  two  pressures  toward  each  other.  The  following 
experiment  is  suggestive  of  the  cause  of  the  changes  in  pressures  (see 
fig.  5).  A  dog  was  prepared  so  that  the  arterial  and  venous  pressures 
could  be  recorded  in  the  right  femoral  artery  and  vein.  One  carotid 
was  cannulated  so  that  blood  could  be  drawn  off.  Cannulas  were 
placed  in  a  branch  of  the  left  femoral  artery  and  of  the  left  femoral 
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vein  80  that,  on  clamping  the  main  artery  and  vein  proximally,  the 
vascular  bed  of  the  leg  might  be  perfused  with  normal  salt  solution 
under  a  constant  pressure  and  the  amount  of  fluid  passing  through  the 
leg  in  a  given  period  measured.  Then  by  clamping  the  cannulated 
branches  and  removing  the  clamps  from  the  main  vessels  the  leg  could 
be  again  restored  to  the  general  circulation.  The  animal  was  bled,  as 
in  the  previous  experiments,  so  as  to  maintain  the  blood  pressure  at 
about  40  mat.  Hg.  Before  the  bleeding,  23.5  cc.  of  saline  were  per- 
fused through  the  leg  in  one  minute  under  a  pressure  equal  to  that  in 
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Fig.  4.  Ninety-four  per  cent  of  total  calculated  blood  volume  loet.  Low 
blood  pressure  maintained  for  one  hour.  Death  occurred  four  hours  after  the 
iofusion  of  saline  solution.  Atropine  was  injected  intravenously  with  1-4  cc. 
of  normal  salt  solution. 

A-1,  0.001  gm.  atropine;  A-2,  0.001  gm.  atropine;  A-3,  0.001  gm.  atropine; 
A-4,  0.002  gm.  atropine;  A-5,  0.005  gm.  atropine;  A-6,  0.002  gm.  atropine;  A-7, 
0.002  gm.  atropine.  S-1,  432  cc.  normal  salt  solution. 

the  femoral  artery  of  the  other  leg.  After  ax  minutes  of  low  blood 
pressure,  only  21.5  cc.  of  saline  could  be  perfused  in  one  minute  under 
the  same  pressure,  showing  that  there  had  been  an  increase  in  periph- 
eral vasciilar  tone.  Following  the  first  bleeding  the  venous  pree- 
Biire  had  fallen  with  the  arterial  pressure  (fig.  5).  After  seventy-six 
minutes  of  low  blood  pressure,  28  cc.  could  be  perfused.  There  bad 
evidently  been  a  loss  of  tone  in  the  peripheral  vessels  since  the  last 
perfusion  and  reference  to  figure  5  makes  it  evident  that  the  venous 
pressure  had  risen  while  the  arterial  pressure  had  fallen  in  that  in- 
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terval.  One  hundred  and  thirty-two  minutes  after  the  first  bleeding 
36.5  cc.  were  perfused.  The  lose  of  vascular  tone  which  is  here  indi- 
cated by  the  increased  rate  of  flow  through  a  peripheral  vascular  bed 
under  constant  pressure  conditions  might  account  for  both  falling 
arterial  pressure  and  rising  venous  pressure.  The  data  at  hand  throw 
no  light  on  the  condition  of  the  heart,  a  pn^resaive  enfeeblemeot  of 
which  would  contribute  to  the  pressure  changes  observed.  In  this 
same  experiment  (no.  30),  the  pressure  fell  prc^ressively  to  4  mm.  Hg., 
when   respiratory  failure   supervened.     At  this  point  warm,  normal 
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Fig.  5.  Perfusion  experiment.  Blood  lose  was  61  per  cent  of  the  total  calcu- 
lated blood  volume  plus  the  unknown  amount  of  blood  washed  out  each  time 
the  hind  limb  was  perfused.  The  vascular  bed  of  this  hind  limb  formed  part  of 
the  general  circulation  except  for  four  brief  intervale  when  it  was  perfused  with 
normal  saline  solution. 

saline  solution  was  injected  into  a  vein  and  the  heart,  which  had  almost 
stopped,  began  to  beat  more  forcibly.  Its  rhythm  and  amphtude  of 
contraction,  as  well  as  may  be  estimated  by  the  mercurial  manometer, 
came  back  to  what  they  had  been  at  the  beginning  of  the  experiment 
and  the  pressure  rose  to  8  mm.  Hg.  for  a  few  minutes.  This  would 
seem  to  indicate  that  not  cardiac  failure,  but  failure  of  venous  return 
is  the  primary  factor  in  the  fatal  result.  The  blood  is  evidently  lost  or 
pooled  in  the  relaxed  peripheral  vessels. 

Reid  Hunt  (4)  in  working  on  the  action  of  acetyl  choline  as  a  vaso- 
dilatbr  and  depressor  of  blood  pressure  has  shown  that  everj-where  its 
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action  is  opposed  by  that  of  atropine.  Id  view  of  the  presence  of 
choline  as  one  of  the  products  of  metabolism  it  seemed  advisable  to 
inquire  into  the  effect  of  atropine  upon  an  animal  when  in  a  state  of 
low  blood  pressure  following  hemorrhage  (see  fig.  4).  The  immediate 
effect  of  atropine  upon  the  arterial  pressure  after  each  injection  was  in 
every  case  a  very  slight  rise  followed  by  a  somewhat  greater  fall.  The 
dog  was  infused  with  nonaal  saline  solution  after  the  arterial  pressure 
had  been  about  40  mm.  Hg.  for  sixty-five  minutes.  The  pressure  rose 
to  73  mm.  after  the  infusion  but  it  was  not  necessary  to  readmioister 
ether  as  it  had  been  in  most  experiments.  The  pupils  were  dilated, 
the  corneal  reflexes  present.  Faradic  stimulation  of  the  central  end 
of  one  vE^ua,— 'the  other  being  intact — caused  a  period  of  apooea  but 
had  no  effect  upbn  the  heart  rate.  The  animal  died  four  hours  after 
the  saline  injection,  apparently  deriving  no  benefit  from  the  atropine. 

In  five  experiments  the  saphenous  nerve  was  stimulated  at  the  end 
of  the  low  blood  pressure  period,  the  stimulation  being  eitiier  electrical 
(induction  shocks)  or  mechanical.  In  two,  the  respiration  increased 
and  the  animal  moved.  In  one,  only  the  respiration  was  affected. 
Thirty  minutes  later  this  animal  was  dead.  Bulbar  refiexea  seemed  to 
be  still  active.  In  the  two  cases  where  a  vasomotor  reaction  resulted 
some  central  control  of  the  vasomotor  system  remained,  although  in 
one  (exp.  10)  the  state  of  shock  was  so  profoimd  that  the  animal  never 
roused  from  it. 

Eight  experiments  similar  to  those  described  in  this  paper  were 
carried  out  upon  dc^  that  had*  been  used  for  demonstration  purposes, 
after  two  to  six  hours  of  ether  anesthesia.  The  vagi  had  been  cut  and 
the  saphenous  nerve  stimulated  during  the  demonstration.  In  these 
animals  a  loss  of  40  to  60  per  cent  of  the  calculated  volume  of  blood 
brought  about  chaises  comparable  to  those  we  have  noted  above  in 
animals  losing  75  to  90  per  cent. 

SUMBIABY  AND  CONCLUSIONS 

The  blood  pressure  of  experimental  animals  was  kept  at  a  shock 
level  for  various  lengths  of  time  by  progressive  bleeding  so  that  their 
condition  resembled  that  which  must  frequently  exist  in  wounded 
men  at  the  front  who  have  sustained  severe  and  continued  loss  of 
blood.  After  analyzing  the  condition  of  these  experimental  animals 
according  to  the  duration  of  low  blood  pressure,  the  amount  of  blood 
lost  and  the  degree  of  acidosis  resulting,  I  have  not  been  able  to  show 
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that  gum-sodium  bicarbonate  solution  or  gum-glucoBe  solution  is  more 
efficacious  in  saving  life  than  is  an  isotonic  solution  of  sodium  chloride. 

By  perfusing  an  isolated  vascular  bed  it  has  been  shown  that  follow* 
ing  a  lai^  hemorrhage  there  is  a  primary  constriction  of  the  peripheral 
vessels.  With  continued  low  blood  pressure  this  constriction  passes 
ofF  and  dilatation  supervenes.  Associated  with  this  dilatation  the 
venous  pressure  rises  while  the  arterial  pressure  is  falling.  All  doge  in 
which  the  venous  pressure  rose  while  the  arterial  pressure  was  falling, 
for  a  period  of  twenty  minutes  or  more,  died  r^ardless  of  treatment. 

The  effects  of  stimulation  of  the  saphenous  nerve  while  these  animals 
were  in  a  condition  of  profound  shock  indicated  that  the  reflexes  affect- 
ing respiration  and  blood  pressure  were  not  paralysed,  although  this 
point  deserves  more  careful  investigation. 
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Lavoiaer  (1)  showed  that  the  ingeBtioQ  of  food  increased  oxidation 
in  the  body.  Rubner  (2)  found  that  of  the  food  materials,  the  inges- 
tion of  meat  increased  oxidation  most,  fat  next  and  sugar  least.  Rubner 
designated  the  action  of  protein  in  increasing  oxidation  more  than  the 
other  food  materials  as  the  apecijic  dynamic  aciion  of  protein.  Several 
theories  have  been  advanced  in  attempts  to  explain  how  the  ingestion 
of  food  increases  oxidation.  The  theory,  or  some  modification  of  the 
theory  of  Voit,  who  claimed  that  the  presence  of  food  augmented  the 
inherent  power  of  the  cells  to  metaboUze,  is  the  one  that  has  met  with 
most  general  acceptance.  Lusk  (3)  originally  attributed  the  increase 
in  metabolism  following  the  ingestion  of  meat,  to  the  mass  action  of 
the  amino  acids  acting  as  stimuli  on  the  protoplasm  of  the  cells.  Later, 
(4)  however  he  modified  this  explanation  and  attributed  the  increase 
in  oxidation  to  the  stimulating  action  of  the  organic  acids  resulting 
from  the  deamination  of  the  amino  acids,  while  Grafe  (5)  attributed  the 
stimulating  action  of  protein  to  the  amino  groups.  We  (6)  foimd  that 
the  increase  in  oxidation  produced  by  the  ingestion  of  food,  as  well  as 
by  a  variety  of  ways,  was  accompanied  by  an  increase  in  catalase,  an 
enzyme  possessing  the  property  of  hherating  oxygen  from  hydrogen 
peroxide.  We  also  found  that  meat,  in  keeping  with  its  greater  stimu- 
lating action  on  beat  production,  produced  a  greater  increase  in  cat- 
alase than  the  other  food  materials,  hence  the  conclusion  was  drawn 
that  the  increase  in  oxidation  produced  by  the  ingestion  of  food  as  in 
other  ways,  was  due  to  an  increase  in  catalase  which  was  brought  about 
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by  the  Btimulation  of  the  alimectary  glands,  particularly  the  liver,  to  an 
increased  output  of  this  enzyme. 

Lusk  found  that  the  ingeetion  of  amino  acids,  such  as  glycocoll  and 
alanin,  produced  an  increase  in  oxidation  while  glutamic  acid  did  not 
Grafe,  on  the  contrary,  found  that  the  ingestion  of  glutamic  acid  as  well 
as  of  glycocoll  and  alanin  produced  an  increase  in  oxidation.  We  (6) 
found  that  the  ingestion  of  glycocoll  and  alamn  produced  an  increase  in 
cataJase  and  that  glutamic  acid  did  not.  This  fact  was  offered  as  an 
explanation  for  Lusk's  observation  that  the  ingestion  of  glycocoll  and 
alanin  increased  oxidation  while  glutamic  acid  did  not.  Grafe  (5) 
fotmd  that  ingestion  of  asparagin,  aspartic  and  succinic  acids  and  ace- 
tamid  produced  an  increase  in  oxidation.  Recently  Lusk  (7)  has  re- 
peated and  confirmed  his  original  work,  extending  it  to  include  the  effect 
of  asparagin,  aspartic  and  succinic  acids,  acetamid  and  ammonium 
citrate  on  heat  production  and  found,  contrary  to  Grafe,  that  these 
substances  produced  no  increase  in  oxidation. 

One  of  the  objects  of  the  present  investigation  was  to  determine  if 
the  ingestion  of  aspartic  and  succinic  acids,  acetamid  and  asparagin 
would  or  would  not  produce  an  increase  in  catalase.  The  animals  used 
were  dogs.  After  etherizing  the  animals  and  opening  the  abdominal  wall 
each  of  these  substances  was  introduced  in  about  equal  quantities  into 
the  stomach  and  upper  part  of  the  intestines.  The  amounts  of  the  sub- 
stances will  be  given  under  the  individual  experiments.  The  catalase 
in  0.5  cc.  of  blood  taken  from  the  portal  and  jugular  veins  and  from  the 
liver  was  determined  before  as  well  as  at  fixed  intervals  after  the  intro- 
duction of  the  materials.  The  determinations  were  made  by  adding 
0.5  cc.  of  blood  to  50  cc.  of  hydrogen  peroxide  in  a  bottle  at  approxi- 
mately 22°C.  and  the  amount  of  gas  liberated  in  ten  minutes  was  t^ken 
as  a  measure  of  the  catalase  content  of  the  0.5  cc.  of  blood. 

In  figure  1  are  shown  the  effectsof  the  introduction  of  glutamic,  aspar- 
tic and  succinic  acids  and  of  asparagin  on  catalase  production.  The  acids 
were  given  in  the  form  of  sodium  salts  and  in  saturated  solutions.  The 
figures  along  the  ordinate  (0  to  100)  indicate  amounts  of  catalase  meas- 
ured in  cubic  centimeters  of  oxygen  and  those  along  the  abscissae,  time 
in  minutes.  The  continuous  line  curves  show  amounts  of  catalase  in 
the  blood  of  the  liver;  the  discontinuous  line  curves,  amounts  in  the 
blood  of  the  portal  vein;  and  the  dotted  line  curves,  the  amountof  cata- 
lase in  the  blood  of  the  jugular  vein.  It  may  be  seen  that  the  introduc- 
tion of  14  grams  per  kilo  of  body  weight  of  glutamic  acid  produced  an 
increase  in  catalase  as  is  indicated  by  the  increase  in  the  amount  of 
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oxygen  liberated  from  hydrogen  peroxide  by  0.5  cc  of  blood,  while  the 
introduction  of  5  grams  per  kilo  produced  no  increase.  The  fact  that 
the  catalase  of  the  blood  of  the  liver  was  increased  particularly  during 
the  first  fifteen  minutes  much  more  than  that  in  the  blood  of  the  portal 
or  jugular  veins  is  taken  to  mean  that  the  glutamic  add  was  stimulating 
the  Uver  to  an  increased  output  of  this  enzyme.  Under  aspartic  add 
it  may  be  seen  that  5  grams  per  kilo  of  this  acid  produced  no  increase  in 
catalase.  The  effect  of  larger  amounts  of  this  acid  could  not  be  studied 
owing  to  the  fact  that  we  had  no  more  and  could  prociu%  none.  How- 
ever, the  effect  of  a  large  amount  of  a  closely  related  substance,  succinic 
acid,  was  tried  and  it  may  be  seen  that  14  grams  per  kilo  of  this  acid  pro- 
duced a  great  increase  in  catalase.  It  should  be  mentioned  in  this  con- 
nection that  a  small  amount  of  succinic  acid,  about  1  gram  per  kilo, 
which  Lusk  found  to  produce  no  increase  in  oxidation,  was  used  and  found 
to  produce  no  increase  in  catalase.  Under  asparagin  it  may  be  seen 
that  5  grams  per  kilo  did  not  produce  an  increase  in  catalase  while 
14  grams  per  kilo  did.  Since  small  amounts 'of  glutamic,  aspartic  and 
succinic  acids  and  asparagin  produced  no  increase  in  catalase  in  keeping 
with  Lusk's  observation  that  small  amounts  of  these  substances  produce 
no  increase  in  oxidation,  whereas  laige  amounts  produced  an  increase 
in  catalase,  in  keeping  with  Grafe's  findings  that  large  amounts  of  these 
substances  produce  an  increase  in  oxidation,  it  is  probable  that  the  dif- 
ference in  the  amounts  of  the  substances  used  may  account  for  the 
difference  in  Lusk's  and  Grafe's  results. 

In  figure  2  are  shown  the  effects  of  the  introduction  into  the  stomach 
and  intestines  of  glycocoll,  acetamid,  sodium  acetate,  olein,  potassium 
oleate  and  dextrose.  The  manner  of  introduction  of  the  substances  into 
the  alimentary  tract  and  of  the  determiaation  of  the  catalase  was  the 
same  as  that  already  described.  The  amount  of  glycocoll,  acetamid, 
sodium  acetate  and  dextrose  used  was  20  grams  per  kilo  and  the  amount 
of  oleiU;  glycerin  and  potassium  oleate  was  10  grams  per  kilo.  All  these 
materials  were  given  in  a  saturated  solution.  All  the  substances  produced 
an  increase  in  catalase,  as  is  indicated  by  the  increase  in  the  amount  of 
oxygen  liberated  from  hydre^en  peroxide  by  0.5  cc.  of  blood.  In  a 
previous  publication  we  found  that  the  introduetioa  of  sodiiun  palmi- 
tate  produced  no  increase  in  catalase,  whereas  in  the  present  investig- 
tion  we  find  potassium  oleate  does.  In  looking  into  the  difference  in 
solubility  of  these  two  soaps,  it  was  found  that  potassium  oleate  is 
about  twelve  times  more  soluble  than  sodium  palmitate  and  hence  was 
absorbed,  presumably  more  rapidly  and  more  extensively,  than  sodium 
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paJmitate  and  for  this  reason  it  is  assumed  that  the  potassium  oleate 
was  more  effective  in  stimulating  the  liver  to  an  increased  output  of 
catalaae  than  was  sodium  pahnitate. 

In  figure  3  is  given  the  maximum  percentage  increase  in  the  catalase 
of  the  blood  of  the  liver  produced  by  the  different  substances  given  in 
figure  2.  It  may  be  seen  that  the  amino  acid,  glycocoU,  produced  57 
per  cent  increase  in  catalase,  sodium  acetate  42  per  cent  and  acetamid 
48  per  cent  increase.  GlycocoU  and  acetamid  produced  a  greater  in- 
crease in  catalase  than  did  sodiimi  acetate.  By  comparing  the  formu- 
lae of  these  three  substances  it  may  be  seen  that  all  three  are  derived 
from  acetic  acid;  the  amino  acid  glycocoU  (CHtNHiCOOH)  and  ace- 
tamid (CHiCONHt)  being  acetic  add  (CHtCOOH)  with  an  amino 
(NHi)  group  introduced  into  the  molecule,  whUe  sodium  acetate 
(CHtCOONa)  has  the  element  sodium  introduced.  Hence  the  effect 
of  the  introduction  of  the  amino  (NHi)  group  into  the  acetic  acid  mole- 
cule  was  to  increase  the  effectiveness  of  this  molecule  in  stimulating 
the  Uver  to  an  increased  production  of  catalase  and  hence  an  increase 
in  oxidation.  If  the  introduction  of  the  amino  (NHi)  group  into  the 
organic  acids,  propionic,  valerianic,  caproic,  succinic  and  glutaric,  also 
increases  the  effectiveness  of  these  acids  in  stimulating  the  Uver  to  an 
increased  output  of  catalase,  this  fact  may  explain  the  great  increase 
in  heat  production  after  the  ingestion  of  protein. 

The  ciu-ves  given  in  figure  3  show  that  the  introduction  of  olein,  a 
fat,  into  the  alimentary  tract  produced  40  per  cent  increase  in  thfe  cata- 
lase of  the  blood  of  the  Uver,  glycerin  48  per  cent  and  potassium  oleate 
32  per  cent.  Glycerin  produced  a  greater  increase  in  catalase  than  did 
olein  and  potassium  oleate  produced  a  emaUer  increase.  By  comparing 
the  formulae  of  these  substances  it  wiU  be  seen  that  the  fat,  olein 
(CiTHnCOO)iC|H(  has  in  its  molecule  a  part  of  the  glycerin  CtH»(OH)i 
molecule  and  a  part  of  the  oleic  acid  (CitHnCOOH)  molecule.  Since 
oleic  acid  or  potassium  oleate  produces  a  smaller  increase  in  catalase 
than  the  olein,  and  glycerin  a  larger  increase,  it  follows  that  the  effect 
of  the  glycerin  radical  in  the  olein  molecule  was  to  augment  the  ef- 
fectiveness of  this  molecule  in  producing  an  increase  in  catalase  in  a 
manner  similar  to  but  not  so  extensive  as  the  amino  (NHt)  group  in 
the  amino  acid,  glycocoU.  The  sugar,  dextrose,  (C«HiiO«),  produced  a 
emaUer  increase  in  catalase  than  the  fat  or  proteim,  in  keeping  with  the 
fact  that  the  ingestion  of  sugar  produces  amaUer  increase  in  oxidation 
than  fat  or  protein.  It  is  assumed  that  glucose  amine  (CtHnNHtOt) 
would  be  more  effective  in  stimulating  the  Uver  to  an  increased  produc- 
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tion  of  c&taJase  and  hence  in  producing  an  increase  in  oxidatioQ  thui 
glucose  (CsHaOs)  owing  to  the  presence  of  the  amino  (NH»)  group  in 
the  molecule.  We  were  unable  to  procure  any  glucosamine  and  hence 
could  not  try  out  its  effect  on  catalase  production. 
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The  introductioD  of  small  amounts  of  glutamic,  aspartic  and  succinic 
acids,  asparagin  and  acetaoiid  produces  no  increase  in  catalase  in  keep- 
ing with  Lusk's  observation  that  small  amounts  of  these  substances  do 
not  increase  oxidation.  On  thecontrary,  large  amounts  do  produce  an 
increase  in  catalase,  in  keeping  with  Grafe's  observation  that  large 
amounts  increase  oxidation. 

Evidence  is  presented  to  show  that  the  amino  (NHi)  group  in  the 
protein  molecule  renders  protein,  or  meat,  a  more  effective  stimulant 
to  catalase  production  and  hence  to  heat  production  than  fat  and  that 
the  glycerine  radical  in  the  fat  molecule  renders  fat  more  effective  in 
this  respect  than  sugar. 
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ON  THE  STABILITY  OF  ESTERASE  IN  GROUND    LIVER 
PRESERVED  IN  GLYCEROL 

J.  P.  SIMONDS 

From  the  Department  «/  Patkotogy  of  Northmttem  U«iwr»ity  Mtdteal  School, 
Chicago 

ReceiTed  for  publioation  December  SI,  1918 

In  a  series  of  experimenta  previously  reported  (1)  the  esterase  content 
of  the  Uver,  spleen  and  iddneys  in  certain  experimentally  produced 
pathologic  touditions  was  studied.  These  ground-up  organs  have  now 
been  standing  in  glycerol  in  a  dark  place,  well  corked,  for  from  twenty- 
two  to  thirty-four  months.  The  esterase  content  of  the  livers  has  again 
been  tested,  using  the  same  dilutions  of  the  extract  as  before.  The  re- 
sults of  these  experiments  are  shown  in  table  l,from  which  it  is  evident 
that  none  of  the  specimens  of  ground-up  liver  had  completely  lost  their 
esterolytic  power. 

The  results  may  again  be  tabulated  according  to  whether  there  has 
been  a,. an  increase;  b,  no  change;  or  e,  a  decrease  in  the  ester-splitting 
capacity  of  the  extracts.  This  is  also  shown  in  table  1.  Of  22  extracts, 
9  showed  an  increase,  7  showed  a  decrease  and  6  showed  little  or  no 
change  in  the  amoimt  of  0.1  N  sodium  hydroxide  solution  required  to 
neutralise  the  add  liberated  by  the  enzyme  from  ethyl  acetate.  It  is 
evident,  therefore,  that  at  least  for  a  period  of  thirty-four  months  the 
time  element  is  not  the  most  important  factor  in  determining  the  dimi- 
nution of  esterase  in  ground  liver  preserved  in  glycerol. 

The  greatest  increases  noted  were  in  extract  Ilia  from  3.45  cc.  of  0.1 
N  sodium  hydroxide  in  the  first  titration  to  4.60  cc,  and  in  control  3, 
from  3.45  cc.  0.1  N  sodium  hydroxide  in  the  first  titration  to  4.80  cc. 
in  the  last  titration  after  thirty-two  and  thirty-two  and  one-half  months, 
respectively,  in  glycerol.  The  most  marked  decreases  were  shown  by 
extracte  la  from  2.60  cc.  0.1  N  sodium  hydroxide  to  1.16  cc.  in  the 
titration  after  thirty-two  months  in  glycerol ;  and  by  sugar^ed  2  from 
4.80  cc.  0.1  N  sodium  hydroxide  to  2.60  cc.  in  the  last  titration  after 
twenty-three  and  one-half  months  in  glycerol. 
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ShouTinn  the  tleraae  eonUnt  of  ground-up  liver  prtttrvtd  I'n  glyctrolfor  $1  dajft.  and 
tt  to  Si  wtnlhM,  reiptetivdy,  expreittd  t'n  eufrtc  eentimtttri  of  0.1  N  aodtum  Ay- 
droxide  required  to  neulrMte  the  acid  liberated  from  ethyl  acetate 


In 

glycerol  for  from  30  to  34  months 

Control  1 

3.35 

3,80 

Gl.  2 

4.75 

4,66 

Chi.  2 

3.40 

2.90 

Cootrol  2 

3.25 

3.75 

Pep.  2 

4.90 

4,90 

lb 

3.55 

3.30 

CoQtrol  3 

3.45 

4.80 

Ana.  I 

3.W 

4.00 

la 

2.60 

1.15 

Control  4 

3,20 

3.70 

Ana.  2 

4.10 

4.00 

Gl.  1 

4.60 

S.OO 

IIU 

3.45 

4.60 

In  glycerol  for  from  22  to  24  months 

lib" 

4,15 

4,40 

He 

4,30      4.35 

SF.l 

4,60 

4,10 

Id 

3,90 

4,20 

lid 

3,75      3,65 

Ila 

4.40 

3.95 

Pep.  I 

3,80 

4,00 

Ic 

S,F.2 

3.35 
4.80 

2.30 
2.60 

The  relation  of  the  stability  of  the  esterase  in  glycerol  extracts  of 
ground-up  liver  to  the  experimental  procedure  employed  is  shown  in 
table  2. 


DiscnssiDN 

It  is  evident  from  the  above  tables  that  ground-up  liver  p 
glycerol  may  retain  its  esterolytic  power  unimpaired  for  a  period  of 
at  least  thirty-four  months.  The  esterase  content  of  the  clear  filtered 
glycerol  extracts  of  liver  may  even  be  greater  after  many  months'  ex- 
traction than  after  the  standard  twenty-one  days  adopted  in  the  previ- 
ously reported  experiments.  That  this  was  not  due  to  any  increased 
concentration  resulting  from  evaporation  was  evident  from  the  ab- 
sence of  any  demonstrable  loss  of  volume  of  the  mass  of  tissue  and 
glycerol. 

The  esterase  in  these  livers  is  an  intracellular  enzyme.  Duccbeschi 
and  Almagia  (2)  beUeve  that  celle  yield  their  "Hpase"  (esterase)  with 
some  difficulty.  It  would  appear  reasonable,  therefore,  to  suppose  that 
the  liberation  of  the  enzyme  might  be  related  in  a  quantitative  way  to 
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the  autolyeiB  of  the  tissues  being  extracted.  No  tests  were  made  to 
determine  chemically  the  amount  of  autolysis  that  had  taken  place  in 
these  ground-up  livers.    In  no  instance  was  there  complete  liquefaction 

TABLE  1 

Showing  the  nlation  of  the  ttabilUy  of  etUrate  in  glycerol  exlractt  of  liver  to  the 
pathologic  condition  experiTnenlally  produced 


Control  1 

Control  2 

Control  3 

Control  4 

PhoBphorus  poiBooing  la 

Phosphorus  poisoning  lb 

Phosphorus  poisoning  Ic 

Phosphorus  poisoning  Id 

Phosphorus  and  sugar  lla 

Phosphorus  and  sugar  lib 

Phosphorus  and  sugar  lie 

Phosphorus  and  sugar  ITd 

Sugar-fed  1 

Sugar-fed  2 

Sugar-fed  Gl.  1 

Sugar-fed  Gl.  2 

Phosphorus  and  sugar  recovered  Ilia. 

Chloroform  2 

Peptone  poisoning  1 

Peptone  poisoning  2 , 

Peptone  poisoning  3 

Anaphylactic  shock  1 

Anaphylactic  shock  2 


3.45 

23i 

4.80 

3.20 

34 

3.70 

2.50 

32 

1.15 

3.55 

31 

3.20 

3.85 

221 

2.30 

3.90 

221 

4.20 

4.40 

23J 

3.95 

4.15 

231 

4.40 

4.30 

231 

4.35 

3.75 

221 

3.65 

4.60 

23! 

4.10 

4.80 

23! 

2.60 

4.ao 

32 

5.00 

4.76 

32 

4.65 

3.45 

23! 

4-60 

3.40 

30! 

2.00 

of  the  mass  although  it  did  appear  to  be  softer  and  more  finely  divided 
after  the  prolonged  extraction  than  after  twenty-one  days.  There  is 
evidence  in  numerous  experiments  recorded  in  the  literature  which  jus- 
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tifies  the  belief  that  autolyus  proceeded  at  different  latee  in  the  several 
groups  of  livers  uaed  in  these  ezperimeDtfl.  Jacoby  (3),  Welb  (4)  and 
others  have  shown  that  phosphorus-  and  chlorofonn-^isooed  livers 
autolyze  much  more  rapidly  than  do  normal  livers,  f^ideoce  will  be 
pre8ent«d  elsewhere  (5)  which  appears  to  show  that  the  rate  of  autolysis 
of  liver  is  inversely  proportional  to  the  amount  of  glycogen  present  in 
the  organ.  A  study  of  table  2  does  reveal  a  relationship  between  the 
probable  rate  of  autolysis  in  a  given  specimen  and  the  increase  or  de- 
crease of  the  esterolytic  power  of  the  extract.  Thus,  of  four  animals 
poisoned  with  phosphorus  and  whose  livers  might  be  expected  to  auto- 
lyze more  completely,  three  showed  a  definite  decrease  in  esterase  con- 
tent of  the  extracts;  while  of  four  d<^  which  were  fed  considerable 
quantities  of  sugar,  whose  hvers  contused  large  amounts  of  glycogen 
and  would  therefore  autolyze  more  slowly,  only  one  showed  a  decrease 
in  esterolytic  activity.  Of  four  ^nimala  poisoned  with  phosphorus  and 
fed  with  sugar,  only  one  showed  a  decrease  in  esterase  after  prolonged 
extraction. 

However,  it  does  not  necessarily  follow  that  glycogen  has  a  preserva- 
tive action  upon  the  esterase  in  prolonged  extraction  of  ground-up 
liver  in  glycerol,  for  the  conduct  of  the  extracts  of  hvers  of  control 
animals  did  not  differ  materially  from  that  of  the  livers  of  sugai^fed 
dogs.  But  there  is  indication  that  the  tendency  to  lose  esterase  is 
somewhat  greater  in  the  glycerol  extracts  of  livers  of  sugar-fed  dc^ 
than  in  those  of  the  controls. 

In  the  previous  paper  (!)  experiments  were  cited  showing  the  in- 
hibitory effect  of  bile  upon  the  action  of  esterase.  It  seems  probable, 
therefore,  that  the  greater  loss  of  esterolytic  power  in  the  hvers  of 
phosphorus-poisoned  dogs  may  be  related  to  the  amount  of  bile  present 
in  the  extracts  which  were  definitely  more  deeply  bile^tained  than  any 
of  the  others.  This  is  indicated  also  by  the  fact  that  the  greatest  loss 
of  esterase  was  in  the  hver  of  dog  la  which,  in  the  earUer  experiments, 
showed  a  lower  esterase  content  than  that  of  any  other  phosphorus- 
poisoned  animal.  This  was  explained  in  the  previous  paper  as  the 
probable  result  of  the  presence  of  the  large  amount  of  bile  in  the  extract. 

The  extract  of  the  liver  of  one  of  the  sugar-fed  dogs  (sugar-fed  2) 
also  showed  a  very  marked  loss  of  esterolytic  power  after  twenty- 
three  and  one-half  months  in  glycerol.  No  satisfactory  explanation 
is  offered  for  this  apparent  anomaly.  If  the  results  obtained  from  the 
extract  of  the  liver  of  ihis  animal  are  omitted,  it  is  seen  from  table  2 
that  the  average  ester-sphtting  power  of  the  Uvers  of  Bi^ar>fed  dogs  is 
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still  greater  than  that  of  the  livers  of  the  control  animals,  although 
the  difference  is  not  so  great  as  in  the  case  of  the  twenty-onenjay  ex- 
tracts used  in  the  experiments  previously  reported. 

CONCLUSIONS 

1.  Ground  dog's  liver  preserved  in  glycerol  may  retain  its  ester- 
splitting  power  unimpaired  for  a  period  of  at  least  thirty-four  months. 

2.  In  some  instances  the  clear  filtered  extract  of  the  liver  of  a  given 
animal  shows  a  greater  esterase  content  after  proloi^ed  standing  in 
glycerol  than  after  extraction  for  a  period  of  twenty-one  days.  This 
increase  is  independent  of  the  probable  rate  of  autolysis  of  the  specimen. 

3.  Diminution  in  the  esterolytic  power  of  the  clear  extracts  is  not 
related  to  the  time  during  which  the  tissues  have  stood  in  glycerol,  but 
to  some  other  factor,  possibly  to  the  amount  of  bile  present. 

4.  The  feeding  of  sugar  and  the  storage  of  the  glycogen  of  the  liver 
increases  the  ester-splitting  activity  of  that  organ. 
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FTom  the  LaboraUmea  of  Pharmacology,  Unioertitj/  of  Illinois  CoUege  of  Mediein* 

and  fforthiBtilem  Vnivertity  Medical  School,  Chicago,  Illinoit^ 

Received  for  publication  January  3,  1919 

Is  the  course  of  studies  on  the  relation  of  the  hypophyBis  to  hypergly- 
cemia conducted  by  one  of  ub  (1),  the  influence  of  the  ether 'anesthesia 
was  the  most  di£Scult  question  to  evaluate  in  the  interpretation  of  the 
results.  Id  the  light  of  the  ensting  literature,  the  influence  of  the  anes- 
thetic seemed  of  sufficient  importance  to  warrant  further  investigation. 
Most  of  the  data  of  the  present  paper  was  collected  at  that  time  but 
remained  unpublished  because  of  pressure  of  other  work. 

The  ether  glycosuria  previously  noted  by  Hawk  (2)  was  shown  to  be 
associated  with  a  hyperglycemia  by  Underhill  (3)  and  SeeUg  (4). 
SeeUg  concluded  that  the  glycosuria  depends  on  quantity  of  ether  used 
and  duration  of  time  through  which  it  is  administered,  that  it  occurred 
regularly  in  animals  fed  on  meat  and  in  animals  on  carbohydrate  diet 
only  if  anesthetic  was  administered  within  ten  hours  of  last  meal.  In- 
travenous administration  of  oxygen  prevented  the  appearance  of 
glycosuria. 

King  (5)  and  associates  reviewed  the  literature  rather  completely 
and  made  the  first  attempt  to  analyze  the  mechanism  involved.  They 
confirm  the  findings  of  Seelig  that  the  depth  and  length  of  anesthesia 
are  important  modifying  factors.  In  a  later  investigation  King, 
Moyle  and  Haupt  (6)  induced  anesthesia  by  the  intravenous  administrar 
tioQ  of  ether  in  salt  solution,  and  concluded  that  the  site  of  action  of 
ether  is  on  the  Uver  cells.  A  more  detailed  consideration  of  their 
findings  will  be  presented  later. 

The  more  recent  colorimetric  methods  of  estimating  blood  sugar  offer 
such  advantages  over  the  Oppler-Bertrand  (7)  method  employed  in 
these  investigations  that  a  repetition  of  a  few  of  their  experiments 
seemed  to  us  sdvisable. 

'  The  greater  part  of  the  experimental  work  of  thia  paper  wae  collected  while 
both  authors  were  members  of  Department  of  Pharmacology,  Northwestern  Uni- 
versity Medical  School. 
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Stewart  and  Rogoff  (8)  were  able  to  produce  hypet|;lycemia  in  ani- 
malB  by  means  of  ether,  asphyxia  and  so-called  emotional  states  with- 
out the  liberation  of  adrenalin  in  quantities  sufficient  to  detect. 

The  mechanism  of  the  hypei^lycemia  associated  with  the  stimula- 
tion of  the  splanchnic  nerve  has  been  quite  completely  investigated  by 
Macleod  (9)  and  his  coworkers.  It  furnishes  an  excellent  basis  for 
attacking  the  problem  in  hand.  Stimulation  of  the  splanchnic  nerve 
gives  a  hyperglycemia.  Stimulation  of  the  hepatic  nerves  in  the  he- 
patic pedicle  also  gives  a  hyperglycemia  if  the  adrenals  are  intact.  If 
they  have  been  removed  from  the  circulation  by  ligatures  the  rise  does 
not  occur.  The  stimulation  does  not  affect  the  quantity  of  glycogenase 
present.  There  is  no  absolute  evidence  to  show  whether  these  fibers  are 
to  be  regarded  as  secretory  or  accomplish  their  effect  through  vaso- 
motor changes.  A  small  amount  of  adrenalin  in  the  circulation  appears 
to  be  a  necessary  factor  in  their  activity. 

Methods.  The  established  effect  of  even  slight  degrees  of  asphyxia 
on  the  level  of  glycemia  made  it  necessary  at  the  outset  to  adopt  all 
possible  precautions  against  its  occurrence.  Unfortunately  in  a  normal 
animal  when  an  initial  high  level  is  once  established  it  is  not  a  transitory 
phenomenon  but  continues  throughout  the  experiment. 

The  methods  available  for  reducing  a  dog  to  the  state  of  surgical 
anesthesia  certainly  su^^est  that  the  element  of  asphyxia  must  be  a 
not  inconsiderable  factor  at  the  outset.  However,  with  the  use  of  a 
towel  folded  so  as  to  admit  air  rather  freely  this  element  can  be  reduced 
to  a  minimum.  Once  the  animal  was  asleep  the  ether  was  adminis- 
tered by  continuous  insufflation,  the  tube  being  inserted  well  into  the 
trachea.  Such  a  method  is  of  distinct  value  when  procedures  are  con- 
templated that  interfere  in  any  way  with  respiration. 

For  this  reason  it  was  selected  in  our  studies  on  the  hypophysis  and 
has  been  continued  into  the  present  series-  Macleod  (10)  used  oxygen 
insufflation  in  his  earUer  studies  but  he  has  come  to  discard  entirely  this 
principle  in  his  later  investigations.  He  feels  that  the  possible  altera- 
tions in  the  reaction  of  blood  may  introduce  a  lar^r  source  of  error 
than  the  one  corrected.  In  other  words  we  may  have  an  over-correc- 
tion which  is  more  confusing  than  a  sUght  under-correction. 

Samples  of  blood  were  drawn  from  the  external  juguhir  vein  into 
oxahite  crystals  and  the  sugar  was  estimated  according  to  the  Benedict 
colorimetric  method  as  modified  by  Meyers  and  Bailey  (11).  The 
time  of  the  anesthesia  was  usually  three  hours  with  collection  of  samples 
just  before  ether,  just  after  the  establishment  of  insufflation  and  at  one, 
two  and  three  hour  intervals. 
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The  adrenalin  was  estimated  accordii^  to  method  proposed  by  FoUd, 
CaDDOD  and  Denis  (12).  TIw  animals  were  fed  a  mixed  diet  contain- 
ing a  small  amount  of  meat  and  an  excess  of  carbohydrates.  This  diet 
has  been  shown  by  Ross  and  Hawk  (13)  and  more  recently  by  Ross 


Efeet  of  ether  adminUUred  by  continuowr 

nmffiatiofi  OR 

>hod  lugar  of  normal  dogt 

.^.™» 

UTunau 

UminntM 

I  hour 

3bMln 

li»»n 

!•       1 

0.142 
0.143 

0,136 
0,143 

0.165 

2        / 

0.102 
0.101 

0.184 
0.183 

0,191 
0.200 

0.213 
0.209 

3        1 

0.121 
0.130 

0.163 
0,167 

0.163 
0.163 

0.186 
0.182 

4        / 

0.114 

o.ne 

0.206 
0.180 

0,196 
0.192 

0.192 

5         J 

0.105 
0.107 

0.116 
0.117 

0.178 
0,165 

0.220 
0.212 

0.220 
0,228 

6        1 

0.087 
0.093 

0.110 
0.113 

0.153 
0.156 

0.150 
0.167 

0,187 
0,165 

7        1 

0.086 
0,092 

0.117 
0.117 

0,195 
0.167 

0.215 
0.215 

0.203 
0,184 

8        1 

0.098 
0.099 

0,119 
0.125 

0,125 
0.124 

0.159 

0.161 
0.146 

9        / 

O.IOI 
0.101 

0.146 
0.143 

0,175 
0.165 

0.216 
0,220 

0.237 
0.233 

10       1 

0,092 
0,092 

0,114 
0-003 

0,140 
0,130 

0.155 
0.157 

0.162 
0,160 

*  Dog  fed  same  day,  &11  others  on  day  preceding. 

and  McGuigan  (14)  to  be  more  conducive  to  a  stable  blood  sugar  level 
than  one  rich  in  protein. 

Normal  animals.    Examination  of  table  1  shows  that  despite  the  pre- 
cautions outlined  above,  the  sugar  level  tends  to  a  constantly  higher 
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point  reaching  this  at  the  end  of  the  second  hour.  The  third  hour  of 
etherization  does  not  raise  the  level  appreciably. 

In  four  of  the  ten  animals  a  concentration  of  0.2  per  cent  or  more 
was  reached,  a  quantity  which  Macleod  (15)  has  designated  as  a 
hyperglycemia. 

BiUUeral  splaruArtedomy,  In  animals  with  both  splanchnic  nerres 
(table  2)  cut,  the  rise  is  confined  to  the  early  stages  of  anesthesia  (fif- 
teen minute  period)  and  has  worn  off  at  end  of  two  hours.  Similar 
findings  have  been  reported  when  the  hypophysis  was  stimulated  foN 
lowii^  complete  section  of  splanchnics.  We  certainly  can  conclude 
that  the  mechanism  of  the  persistent  rise  in  glycemia  is  mediated  through 
the  splanchnic  nerves.    However,  a  transitory  rise  in  the  early  stages 


TABLE  1 

Effect  of  ether  adminiitered  by  t 

ntufflation  on  doubly  splancknectomited  doge 

KITS  unci 

™V 

JlTTMK  >tbib 

ISmiDuM 

Ibour 

1  hour. 

Sboon 

11 

'{ 

0.102 
0-DOT 

0.139 

0.140 

O.MH 

0.102 

0.109 
0.105 

12 

.{ 

0.098 
0.099 

0.116 
0,121 

0.096 
0.097 

0.093 
0.089 

13 

M 

0.102 
0.103 

0.145 
0.141 

0.117 
0.111 

0.115 
0.110 

14 

"{ 

0.074 
0.075 

0.081 
0.082 

0.082 
0.080 

0.064 
0.064 

may  occur  without  its  mediation.    Nishj  (16)  has  reported  similar 
findings  in  studying  diuretin  hyperglycemia. 

Unilaterai  splanchnedomy.  Section  of  splanchnics  on  one  aide  (table 
3)  does  not  abolish  the  rise  in  sugar.  The  level  which  is  attained  on  the 
whole  appears  to  be  less  than  in  the  normals.  In  only  one  case  (no.  22) 
was  a  concentration  of  0.2  per  cent  reached.  Animals  23,  24  and  27 
are  noticeably  lower  than  normal.  The  findings  in  no.  21  may  be  dis- 
regarded since  the  animal  was  shown  to  have  a-localized  peritoneal 
abscess  despite  which,  however,  he  clinically  wae  enjoying  good  health. 
All  others  were  in  good  shape  and  had  apparently  completely  recovered 
from  the  effects  of  the  operation  aa  shown  by  mental  attitude,  healing 
of  abdominal  incision  and  appetite. 

!■■  jLiriwcAH  jovanii.  or  ranioLooi,  toi.  is,  ho.  I 
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TABLE! 

Effect  of  ether  on  blood  tugar  in  animalt  vith  iplanchnie  nenet  cut  on  one  tide 


Sisr.'s: 

o,".s:^'o„ 

■,^°.v 

»T..^. 

Ibaon 

Ihoun 

15 

18 

Left     1 

O.Ofll 
0.090 

0.127 
0.120 

0.118 
0.120 

0.1S5 
0.144 

16 

8 

Left     1 

0.084 
0.082 

O.IOI 
0.106 

0.122 
O.US 

0.155 
0.148 

17 

18 

Left     I 

0.097 
0.094 

0.134 
0.120 

0.190 
0.192 

0.181 
0.197 

18 

16 

Right    1 

0.083 
0.087 

0.098 
O.IM 

0.166 
0.146 

0.160 

0.158 

10 

14 

Right    1 

0,074 
0.077 

0.145 
0.144 

0.176 
0.143 

0.162 
0.140 

20 

18 

Right    { 

0.092 
0.090 

0.093 
0.093 

0.122 
0.121 

0-171 
0.176 

21* 

11 

Left      / 

0.076 
0.080 

0.106 
0.105 

O.IOS 
0.009 

0.110 
0.100 

22 

11 

Right    1 

0.077 
0.079 

0.110 

0.182 
0.172 

0.203 
0.184 

23 

9 

Right    / 

0.077 
0.082 

0.104 
0.109 

0.113 
0.109 

0.116 
0.106 

24 

12 

Right    / 

0.086 
0.086 

0.101 
0.106 

0.120 
0.111 

0.117 
0.110 

2S 

18 

u(t     1 

0.093 
0.088 

0.118 
O.US 

0.128 
0.119 

0.136 
0.131 

26 

12 

Lett      1 

0.092 
0.095 

0.146 
0.120 

0.136 
0.133 

0.162 
0.147 

27 

11 

Right    1 

0.086 
0.091 

0.133 
0.127 

0.103 
0.102 

0.121 
0.118 

28 

11 

Right    1 

0.081 
0.080 

0.136 
0.132 

0,132 

0.147 
0.136 

*  AbacesB  wailed  off  by  stomach,  spleen  and  parietal  peritoneum. 
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Hawk  (2)  has  called  attention  to  starvation  as  a  predispoung  factor 
to  glycosuria.  Had  our  results  been  in  the  other  direction  we  should 
have  beefa  inclined  to  think  that  the  animab  had  not  returned  to  a 
Dormal  metabolic  level.  We  may  consider  that  the  mechanism  has 
been  modified  by  cutting  off  one  of  the  final  common  pathways,  a  pro- 


Efftcl  of  ether  on 

blood  ivgor 

»  animaU  iritk  denenaUd  htpalie  arleriei 

■UnMNCB 

■■roBi 

Ama 

,... 

ISmlnutM 

Ibour 

Shoun 

thoun 

29 

17      [ 

0.112 

0.145 

0.1« 

O.llB 

0.143 

0.154 

30 

u    { 

0.136 

0,273 

0.273 

0.137 

0.273 

0.240 

30* 

20      1 

0.107 

0.172 

0.256 

0.317 

0.101 

0.16S 

0.26S 

0.322 

31 

10     1 

0.093 

0.162 

0.188 

0.212 

0.25S 

0.090 

0.166 

0.188 

0.216 

0.242 

81 

29     1 

0.116 

0.111 

0.163 

0.156 

0.116 

0.114 

0.167 

0.153 

32 

12     / 

0.096 

0.116 

0.143 

0.200 

0.097 

0.116 

0.148 

0.196 

33 

12     1 

0.097 

0.136 

0.190 

0.190 

0.096 

0.134 

0.178 

0.184 

33 

28     1 

0.164 

0.199 

0.206 

0.224 

0.164 

0.206 

0.194 

0.218 

•  Fedo: 


edfty. 


cedure  which  may  possibly  result  in  delimiting  the  afferent  field  but 
more  probably  exerts  its  influence  on  the  effector  side  of  the  mechanism. 
Certainly  the  splanchnic  nerves  appear  to  possess  a  quantitative 
influence  and  damage  to  any  part  of  them  would  appear  to  have  a 
mathematical  influence  on  the  glycemia.  So  far  as  our  experiments 
go,  we  are  unable  to  assign  to  either  the  right  or  the  left  side  a  more 
important  valuation.    This  is  in  contrast  to  the  findings  of  Nishi  (16) 
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who  states  that  section  of  left  splaachnics  in  rabbita  prevented  diuretin 
hyperglycemia  while  division  of  the  right  aide  had  no  effect  on  its  course. 
Section  of  nerves  of  hepatic  pedicU.  In  the  first  series  of  anitnals  only 
the  plexus  of  nerves  attached  to  the  hepatic  artery  was  sectioned.  The 
results  of  table  4  show  that  this  has  not  modified  the  hypei^ycemia. 
The  suggestion  even  arises  that  the  tendency  to  hyperglycemia  is 
greater  than  normal. 

TABLES 

Effect  of  ether  on  blood  tugar  in  animalt  mth  complete  denenatiim  of  ht'patie  pedicU 


W  miDuUf      I 


Approximately  40  c 


of  blood  withdrawn  at  each  sample.    Nutritional  etat« 
normal 


34 

17 

{ 

0.089 
0.091 

0.110 
0.110 

0.176 
0.172 

36 

17 

{ 

0.088 
0.083 

0.097 
0.097 

0.148 
0.1« 

36 

V   " 

( 

0.078 
0.074 

0.09S 
0.100 

0.136 
O.IM 

Nutritional  state  belov  par  since  last  experiinent 

34 

»    { 

0.119 
0.116 

0.101 
0.188 

0.252 
0.242 

33 

.    { 

O.IOD 
0.093 

0.170 
0.182 

0.211 . 
0.211 

36 

»    ( 

0-091 
0.094 

O.IM 
0.150 

0.144 
0.164 

15  to  20  cc 

of  blood  withdrawn  at  each  sample.    Nutritional  state  nonnal 

34 

»    { 

0.093 
0.095 

0.120 
0.114 

0.133 
0.137 

0.133 
0.132 

35 

.    ( 

0.073 
0.072 

0.094 
0.092 

0.102 
0.104 

0.127 
0.121 

36 

«    { 

0-083 
0.089 

0.101 
0.094 

0.114 
0.121     . 
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Two  30  cc.  samples  withdrawn  3  hours  previously,  at  20  miaut«  iatervais; 
withdrawn  for  sugar  estimation.    Nutritional  state  normal 


34 

59 

( 

0.139 
0.132 

35 

59 

•       { 

0.142 
0.145 

36 

59 

"    { 

0,103 
0.093 

{ 

0.078 
0,081 

.,T».BO<,« 

'^"^'Sr- 

.^-nT:!^;-.-?., 

35 

0,127 
0.110 

0,166 

o.tss 

Macleod  (17)  has  shown  that  in  denervating  the  liver  he  was  able  to 
get  consistent  results  only  after  dividing  all  the  stractures  of  the  hepatic 
pedicle  except  the  portal  vein  and  cauterizing  this  lightly.  Our  pro- 
cedure involved  the  complete  -division  of  all  tissues  except  the  artery, 
vein  and  common  duct  and  the  cauterization  of  these.  In  the  firat 
three  (table  5)  the  rise  in  blood  sugar  is  evident  and  appears  to  be 
only  slightly  leas  than  that  occurring  in  normal  animals. 

A  day  waa  allowed  to  intervene  and  the  experiment  repeated.  This 
group  of  experimeats  gave  higher  results,  which  we  believe  are  to  be 
attributed  to  conditiooB  comparable  to  partial  starvatioa  as  reported 
by  Hawk  (2).  Further  relatively  larger  samples  (40  cc.)  were  with- 
drawn in  both  of  these  series.  Repetition  after  feeding  the  animals  for 
a  number  of  days  and  withdrawii^  smaller  samples  (15  to  20  cc.)  of 
blood  gave  a  decidedly  lower  level  in  the  next  six  experiments.  Finally 
the  effect  of  even  a  small  hemorrhage  is  shown  in  the  case  of  dog  35; 
after  three  hours  of  anesthesia  in  which  only  two  samples  of  10  cc. 
had  been  removed,  thelevelof  sugar  was  0.127  and  0.110.  Sixty  cubic 
centimeters  were  withdraws  and  the  glycemia  reached  a  point  of  0. 166 
and  0.168. 
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King  and  associates  (5)  found  a  normal  rise  in  glycemia  after  section 
of  hepatic  nerves.  No  mention  is  made  of  cauterizing  the  portal  vein. 
They  were  also  using  a  meat  diet  for  their  animals  which,  it  will  be  re- 
called, is  conducive  to  hyperglycemia.  We  may  conclude  that  these 
animals  show  a  marked  glyceroic  response  to  hemorrhage  even  in  small 
amounts  but  the  response  to  ether  is  less  than  in  unoperated  animals. 

Eek  fistula.  King  and  associates  (5)  found  that  a  h3rperglycemia  oc- 
curred in  dogs  upon  which  an  Eck  fistula  had  been  established.  The 
level  of  this  was  slightly  over  0. 1  per  cent  for  two  hours  of  ether  ad- 
ministration (four  experiments). 

Table  6  shows  that  in  s  period  of  three  hours  the  rise  may  be  quite 
as  high  if  not  higher  than  normal,  though  th£  effect  may  not  be  so  ap- 

TABLEe 

Efftel  of  ether  on  blood  tuffor  in  dogt  ipith  Eck  fistula 


■unnxca 

■s:s 

Ama  nsu 

ltmin«t« 

Ihoor. 

37 

30        { 

0.094 

0.095 

0.190 

0.092 

0.097 

0.1S6 

38 

.         { 

0.110 

0.125 

0.171 

O.ltl 

o.tie 

0.178 

38 

"         { 

0.108 

0.116 

0-241 

0.107 

0.126 

0.251 

39 

«        { 

0.102 

0.132 

0.218 

0.096 

0.131 

0.215 

parent  in  the  first  fifteen  minutes.  It  is  highly  probable  that  the  op- 
eration has  not  modified  the  course  of  events  but  on  account  of  the 
smaller  blood  supply  to  the  liver  a  longer  time  ia  required  in  which  to 
transfer  the  excess  sugar  to  the  cirtulation. 

Macleod  has  reported  that  the  scute  effect  of  Eck  fistula  operation 
is  an  acceleration  of  the  glycogenolytic  processes.  McGuigan  and  Ross 
(18)  studied  same  question  reporting  a  hyperglycemia.  However  our 
experiments  are  not  directed  toward  this  end.  We  were  endeavoring 
to  see  how  a  liver  whose  circulation  was  thus  crippled  would  respond  to 
ether  stimulation,  and  our  data  show  that  a  hyperglycemia  of  the 
same  or  even  greater  mf^nitude  than  normal  may  be  attained. 

Ligation  of  hepatic  artery  in  Eck  fistula  animals.  Since  the  animals 
were  available  and  we  desired  to  get  some  knowledge  of  the  efficiency 
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of  the  coll&teral  circulation,  the  hepatic  'artery  was  l^^ted  and  the 
blood  sugar  followed  imtil  death.  McGuigan  and  Boss  (18)  have  re- 
viewed the  literature  of  this  subject  dnd  reported  findings  similar  to 
those  recorded  below.  Since  their  lotions  of  two  vessels  were  per- 
formed within  a  short  time  of  each  other  it  seemed  worth  while  to 
record  present  data  obtained  by  succeeding  ligations.  The  protocols 
are  attached. 

Effect  of  ligation  of  hepatic  artery  in  dogs  tnith  Eek  fistula 
Dog.  37.    February  3,  1918 

Time  since  operation 49  days 

Blood  sugar  eatimationa  before  anesthetic In  OOl 

After  anesthetic  juat  before  ligation 10  200 

Four  hours  after  ligation 10  032 

Five  hours  and  ten  minutes  aft«r  ligation  just  before  death J  „  Q.g 

Dofl  SS.    February  20,  1918 

Time  since  operation 68  days 

Estimations  of  blood  sugar  before  anesthetic 10  085 

After  ether  just  before  ligation  of  artery {oiai 


One  and  one-half  hour  after  ligation. 
Two  and  one-half  hours  after  ligatioi 

Five  hours 

Twenty-four  hours 

Thirty  hours,  juat  at  time  of  death.. 


\0.130 


/0.093 
\0.097 
f0.095 

\0.0ff7 
/0.(M3 


Dog  39.     February  20.  1918 

Time  since  operation 66  days 

Blood  sugar  eatimBtionH  before  anesthetic 10  088; 

After  anesthetic,  just  before  ligation  of  hepatic  artery ini2R 

One  and  one-half  hour  after  ligation  of  artery ' 


Four  hours  after  ligation 

Six  and  one-half  hours  after  ligation.. 
Animal  died  during  night 


0.107 
0.091 


/  0.061 
■\  0.062 
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The  first  animal  (dog  37)  died  rather  quickly  (five  houre  and  ten 
minutes).    The  blood  sugar  promptly  fell  to  a  level  of  0.018. 

In  dog  38  the  hypoglycemia  appeared  during  the  last  six  hours  of 
life;  in  dog  39  it  was  definitely  present  in  a  sample  taken  at  six  and'one- 
half  hours.  The  animal  died  sometime  durii^  the  night.  It  is  evident 
that  the  collateral  circulation  w^  insignificant  and  that  the  hypogly- 
cemia as  has  been  previously  shown  is  a  part  of  the  terminal  syndrome. 

Reversed  Eck  fistula.  In  these  animals  the  anastomosis  between  the 
two  veins  was  performed  as  usual  but  the  Ugature  was  placed  about 
the  vena  cava  thus  directing  all  the  venous  blood  through  the  liver. 

McGuigan  and  Ross  (18)  have  reported  that  this  procedure  per  se 
does  not  cause  a  rise  in  glycemia. 

Our  experiments  (table  7)  show  that  ether  causes  a  rise  comparable 
in  all  respects  to  that  found  in  normal  animals. 


TABLE  J 
Effect  of  ether  on  blood  nigar  in  dogt  i 


itk  revereed  Eck  fiilula 


DATB  UHCB 

V^.V 

.^« 

™„ 

ISminutu 

Ikour* 

40 

»                ( 

0.078 
0.079 

0.117 
0.113 

0.128 
0.135 

41 

.                { 

0.132 
0.131 

0.185 
0.182 

0,207 
0.202 

42 

.                { 

0.094 

0.140 

0.145 

0.092 

0.139 

0.142 

Adrenalin  content  in  unilaterally  splanchnedomized  animale.  The 
most  mooted  question  is  the  part  played  by  the  adrenalin  in  the  hjrper- 
glycemia.  Examination  of  table  8  shows  that  in  four  cases  (17,  18, 
26,  27)  there  was  no  significant  difference  in  the  load  of  the  two  glands. 
In  four  others  (16,  19,  20,  23)  the  control  gland  had  apparently  a  higher 
content,  in  the  remaining  six  the  content  was  less  in  the  control  than 
the  experimental  gland. 

Elliott  (19)  has  shown  for  cats  that  ether  exhausts  the  content  of 
adrenalin  in  a  gland  which  has  not  been  protect*!  by  section  of  its 
splanchnic  nerves.  Having  in  mind  this  investigation,  we  hoped  to 
determine  whether  a  relationship  existed  between  the  rise  in  sugar  and 
the  degree  of  exhaustion.  A  comparison  of  tables  3  and  8  shows  no  re- 
lationship whatever  exists.    It  is  possible  that  in  the  dog  some  of  the 
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fibers  of  the  right  side  may  have  crossed  to  the  left  adrenal.  We  believe 
however  that  our  sectioD  would  have  included  these.  More  probably 
the  ether  causes  an  increased  production  as  well  as  increased  partition 
and  it  is  on  this  basis  that  the  inconclusive  results  are  to  be  explained. 
They  were  consequently  not  extended  to  a  larger  series  of  cases. 
The  partition  of  adrenaUn  from  the  intact  glands  under  ether  anesthesia 
has  been  abundantly  established  by  Stewart  (20)  and  his  associates. 
Our  results  are  to  be  taken  as  further  confirmation  that  ether  is  modify- 
ing  the  activity  of  the  gland.    The  question  at  issue  concerns  not  the 
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'Results  expressed  in  Dulligrama. 

partition  of  the  adrenalin  but  the  use  of  the  adrenalin  after  it  enters  the 
blood  stream.  Is  it  there  because  its  secretion  and  the  glycogenolytic 
processes  happen  to  be  controlled  by  two  functionally  different  classes 
of  fibers  running  in  the  same  nerve  which  are  being  commonly  stimu- 
lated? Is  it  there  to  complete  the  activity  of  the  fibers  governing  the 
glycogenolysis? 

Stewart  and  Rogoff  (8)  conclude  that  it  is  not  a  necessary  factor 
since  the  ether  rise  can  occur  without  its  demonstrable  presence.  Of 
four  of  their  experiments  only  two  show  a  gain  (0.087  to  0.151  and  0.142 
to  0.176)  that  does  not  fall  within  the  limit  of  experimental  error.    The 
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Other  two  (0.200  to  0.233  and  0.002  to  0.098)  are  not  significant    The 
time  of  their  anesthetic  was  fifteen  to  twenty  minutes. 

It  will  be  recalled  that  in  our  cases,  those  a-nimftlii  with  bilateral 
splanchnectomy,  a  similar  early  (l&-minute  period)  rise  was  noted. 
This  however  passed  off  at  the  end  of  two  hours.  Such  a  rise  might  be 
very  readily  explained  on  basis  of  asphyxia  which  unquestionably  should 
be  attributed  in  a  great  measure  to  an  altered  reaction  of  the  blood. 
We  do  not  feel  that  their  experiments  establish  the  case  against  the 
adrenals  playii^  a  part  in  the  ether  hyperglycemia  unless  they  show 
that  "the  persistent  long  rise"  can  occur  without  their  mediation. 
This  experimental  condition  they  have  not  investigated. 

DISCUSSION 

That  the  liver  is  the  ultimate  effector  oigan  upon  which  the  stimulus 
falls  is  certain  from  the  studies  of  numerous  observers  who  have  in- 
vestigated the  nervous  hyperglycemias.  As  to  the  intrinsic  mechanism 
involved  by  which  these  nervous  stimuli  result  in  an  increased  glyco- 
genolysis  we  have  not  concerned  ourselves.  King,  Moyle  and  Haupt 
(6)  in  their  investigation,  using  intravenous  ether  saline  solutions,  have 
concluded  that  the  liver  cells  are  the  site  of  the  ether  action.  The  hy- 
perglycemia did  not  occur  until  surgical  anesthesia  was  produced. 
The  question  arises  whether  the  two  conditions  are  identical.  It  is  not 
at  all  certain  that  the  ether  introduced  through  the  respiratory  tract 
arrives  at  the  liver  in  the  same  concentration  as  it  would  were  it  intro- 
duced intravenously.  It  may  be  more  toxic  in  this  latter  state.  Indeed 
the  absence  of  hyperglycemia  in  bilaterally  spl&nchnectomised  animals 
seems  to  us  to  constitute  final  proof  that  the  site  of  action  is  not  on  the 
liver  cells.  For  these  reasons  we  believe  that  they  have  not  answered 
the  question  in  hand  but  an  entirely  different  one  raised  by  a  new  ex- 
perimental procedure. 

The  extrinsic  mechanism  in  which  we  are  interested  involves  the 
splanchnic  nerves  with  their  terminations  in  the  Uver  and  adrenals  and 
the  dischaige  of  small  amounts  of  adrenalin.  The  established  tonic 
effect  of  adrenalin  on  sympathetic  terminations  in  other  sites  suggests 
strongly  that  it  has  a  value  here.  The  maintenance  of  a  hyperglycemia 
(of  a  lower  grade,  it  is  true)  with  the  adrenals  intact  but  liver  dener- 
vated,  furnishes  to  our  minds  rather  definite  evidence  that  the  adrenalin 
is  an  essential  factor.  One  can  object  that  in  such  animals  the  whole 
abdominal  viscera  are  exposed  to  vascular  alterations.    However  very 
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exteoBive  chaises  in  circulation  through  the  liver  have  not  been  shown 
to  be  accompanied  by  Bignificant  variations  in  glycemia.  We  must  in 
our  thinking  push  the  site  of  action  of  these  influences  beyond  a  con- 
sideration of  the  quantity  of  blood  delivered  passively  to  the  liver,  to  a 
consideration  of  some  more  active  participation  on  the  part  of  the  liver 
capillaries  and  cells.  It  is  in  controlling  this  more  active  participation 
that  we  believe  the  hepatic  splanchnic  nerves  and  the  sdrenalln  play 
their  respective  parts.  Indeed  we  believe  the  mechanism  to  be  iden- 
tical for  ether  and  electrical  stimulation  of  splanchnic  nerve,  as  reported 
by  Macleod  (9)-  They  are  only  two  different  exciting  ^;ents  which 
are  capable  of  throwing  into  activity  the  same  effectors. 

CONCLDSIONS 

1.  A  persistent  hyperglycemia  occurs  in  normal  dogs  imder  contin- 
uous ether  insufBation.  This  reaches  a  maximum  at  end  of  two  hours 
with  httle  change  in  the  third  hour. 

2.  A  transient  hyperglycemia  passing  ofF  at  the  end  of  two  hours 
occurs  in  animals  with  splanchnic  nerves  sectioned  on  both  sides. 

3.  A  persistent  hyperglycemia  of  a  lower  grade  occurs  in  animals 
unilaterally  splanchnectomized.  There  is  no  difference  in  the  value 
of  the  nerves  of  the  right  and  left  sides. 

4.  Denervation  of  the  hepatic  artery  gives  a  glycemic  rise  equal  to 
that  of  normal  dogs. 

5.  Section  of  all  the  nerves  in  the  hepatic  pedicle  with  cauterization 
of  the  coats  of  hepatic  artery,  portal  vein  and  common  duct  prevents 
the  sugar  rise  from  reaching  the  high  point  found  in  unoperated  animals 
but  does  not  abolish  it. 

6.  Eck  fistula  does  not  prevent  but  only  retards  the  appearance  of 
hyperglycemia  in  the  systemic  veins. 

7.  Ligation  of  hepatic  artery  in  Eck  fistula  animals  causes  a  terminal 
hypoglycemia. 

8.  Reversed  Eck  fistula  does  not  influence  course  of  ether  hypergly- 
cemia. 

9.  The  adrenalin  content  in  dogs  whose  splanchnic  nerves  have 
been  previously  sectioned  on  one  side  is  unequal  in  the  two  gli 

10.  The  partition  of  adrenalin  under  ether  is  considered  of  sig 
and  not  an  incident  of  splanchnic  stimulation. 
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The  peculiar  physiologica]  behavior  of  barium  among  the  alkaline 
earth  metals  has  long  been  known.  Its  greater  toxicity,  compared  with 
the  other  alkahne  earths,  has  been  investigated  by  many,  especially  by 
Overton  (1)  who  showed  that  a  sart^rius  muscle  in  0.7  per  cent  NaCl  plus 
1 :  10,000  BaCIi  loses  all  its  irritabiUty  in  four  and  one-half  hours.  Cor- 
respondingly, the  antitoxic  action  of  barium  toward  other  salts  is  much 
lees  than  that  of  calcium  or  strontium. 

The  power  of  barium  to  cause  rhythmical  contraction  of  striated 
muscles  was  established  in  1886  by  Ringer  (2);  this  was  subaequeutly 
investigated  more  fully  by  Loeb  (3).  In  this  respect  especially  does 
barium  differ  radically  from  calcium  and  strontium,  for  it  is  well  known 
that  the  twitchbs  in  a  skeletal  muscle  caused,  for  example,  by  sodium 
salts  can  readily  be  prevented  by  the  addition  of  calcium  or  strontium 
salts  to  the  stimulating  solution. 

The  rhythmical  contractions  produced  by  barium  salts  can  also  be 
prevented  by  the  addition  of  salts  of  other  metals.  Ringer  showed  this 
to  be  true  for  the  chlorides  of  potassium  and  calcium.  I  found  that 
7  cc.  m/8  BaClt  diluted  with  3  cc.  m/8  KCl  is  unable  to  call  forth  any 
rhythmical  activity  (4)  although  }  cc.  and  even  -^  cc.  m/8  BaClj  in 
10  cc-  m/8  NaCl  speedily  throws  the  muscle  into  violent  twitches. 
The  present  experiments  showed  that  this  antagonism  toward  barium  is 
also  shared  by  the  chlorides  of  strontium  and  ammonium,  to  a  lesser 
extent  by  hthium  chloride  and  by  hydrochloric  acid.  Sodiiun  chloride 
and  more  especially  sodium  hydroxide  favor  the  stimiJating  action  of 
barium.  A  muscle  previously  treated  with  0.7  per  cent  NaCl  for  thirty 
or  forty  minutes  responds  more  energetically  to  a  dilute  solution  of 
barium  chloride  and  with  a  shorter  latent  period  than  a  muscle  not  thus 
treated.  This  favorable  action  of  sodium  chloride  is  well  shown  by 
bathing  the  muscle  in  a  6  per  cent  cane  sugar  solution  previous  to  its 
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immeraion  in  the  barium  salt.  One  of  the  gastrocoemiiu  muacles 
which  had  remained  for  twenty  minutes  in  6  per  cent  cane  sugar  boIu- 
tion  was  placed  in  1  cc.  m/8  BaCli  plus  9  cc.  6  per  cent  cane  sugar; 
after  a  latent  period  of  eighteen  minutes  a  few  twitches  occurred.  The 
other  gastrocnemius  muscle,  after  having  remained  in  m/8  NaClfor 
eighteen  minutes,  on  immersing  in  a  solution  of  1  cc.  m/8  BaCI*  plus 
9  cc.  m/8  NaCI  b^^an  to  contract  rhythmically  within  two  minutes  and 
continued  to  twitch  violently  for  a  long  time.  This  action  of  the  cane 
sugar  is  due,  as  Overton  states  (5),  to  the  removal  of  the  sodium  salts 
from  the  muscle  for  on  bathing  the  sugar-treated  muscle  for  a  sufficient 
length  of  time  with  0.7  per  cent  NaCl  the  response  to  barium  is  normal. 
This,  however,  does  not  give  us  reason  to  state,  as  Overton  (1)  seems  to 
do,  that  biuium  is  not  a  stimulus  for  the  striated  muscle.  While  it  ts 
no  doubt  true  that  barium  has  no  stimulating  effect  on  a  muscle  except 
in  the  presence  of  sodium  salts,  it  is  also  true  that  a  muscle  which  has 
remained  for  some  time  in  a  solution  of  cane  sugar  loses  its  irritability 
to  the  faradic  current.  Such  a  muscle  is  no  longer  a  normal  muscle. 
Hence  we  hold  that  bariumsalts  have  a  powerful  stimulating  effect  on 
striated  muscles. 

Whether  the  stimulating  action  of  the  barium  and  the  antagonistic 
action  of  potassium,  calciimi  and  other  salts  are  due  to  effects  upon  the 
muscle,  nerve  or  myoneural  junction  I  did  not  determine,  being  unable 
to  procure  curare.  Edmunds  and  Roth  (6)  state  that  curare  does  not 
influence  the  course  of  the  contraction  caused  by  barium  chloride  in 
muscles  of  fowls  and  that  denervation  has  no  effect  either;  they  there- 
fore conclude  that  barium  acts  on  the  muscle  cells  directly. 

The  antagonistic  action  of  a  compound  is  demonstrated  not  only  by 
the  fact  that  the  minimal  concentration  of  the  barium  chloride  necessary 
for  stimulation  is  increased  when  the  muscle  has  been  previously  treated 
with  the  ant^onistic  salt  or  when  this  salt  is  used  simultaneously  with 
the  barium,  but  also  by  the  abolishing  of  the  contractions  by  the  coun- 
teracting solutions  when  once  the  twitches  have  been  established  by  the 
barium.  This  can,  in  case  of  the  barium  twitches,  be  readily  demon- 
strated by  placing  the  actively  contracting  muscle  in  m/8  calcium  chlor- 
ide solution.  Wiahii^  to  prove  this  also  for  potassium  chloride,  a 
muscle  showing  a  fair  d^ree  of  activity  in  a  m/160  BaCI*  solution  was 
transferred  to  a  m/8  KCl.  To  my  surprise,  instead  of  an  almost  im- 
mediate inhibition  of  the  twitches  as  I  had  been  led  to  expect  from 
previous  experiments  with  this  salt,  the  muscle  was  thrown  into  far 
greater  twitehes  than  it  exhibited  previous  to  its  immersion  in  the  po- 
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tasaium  chloride  Bolution.  In  figure  1  the  contractions  from  a  to  b 
were  produced  by  the  muscle  in  1  cc.  m/8  BaClt  plua  9  cc.  m/8  NaCl;  at 
b  this  solution  was  replaced  by  2  cc  m/8  KCl  plus  8  cc  m/8  NaCl. 
In  the  other  experiment  a  pure  m/8  KCl  solution  was  used  with  prac- 
tically the  same  initial  result.  Having  made  certain  that  this  was  no 
accidental  affair,  I  made  experiments  with  other  solutions  and  found 
that  m/8  sodium  chloride  had  a  similar  but  much  more  prolonged  effect. 
In  fact,  when  a  muscle  is  left  long  enough  in  a  barium  chloride  solution 
for  the  twitches  to  cease,  the  subsequent  bathing  of  the  muscle  with 
m/8  sodium  chloride  causes  energetic  contractions.  In  figure  2  the 
twitches  in  the  dilute  barium  chloride  had  practically  ceased  at  c;  on 
the  application  of  m/8  sodium  chloride  at  d  the  muscle  is  thrown  into 
violent  twitches. 


Fift.  1.  At  a  the  muscle  is  placed  in  I  cc.  m/3  BaCli  +  0  cc.  m/8  NaCl;  at  b 
this  IB  replaced  with  2  cc.  KCl  +  8  cc,  NaCl.    At  c,  same  as  at  a. 

In  seeking  an  explanation  for  the  reestablishing  of  these  twitches 
when  the  stimulating  ^ent  is  replaced  with  an  indifferent  or  even  an- 
tagonistic solution,  many  suggested  themselves.  At  first  I  was  inchned 
to  regard  this  as  an  example  of  the  so-called  "contact  irritabihty"  (7), 
(8)  by  which  a  muscle  treated  with  certain  salts  is  thrown  into  great 
activity  when  the  exciting  fluid  is  replaced  with  almost  any  other  fluid. 
However,  while  a  muscle  showing  contact  irritability  goes  into  strong 
rhythmical  contractions  when  it  is  brought  from  the  sensitisii^  solu- 
tion (e.g.,  sodium  citrate)  into  contact  with  air,  this  is  not  necessarily 
true  for  a  muscle  treated  with  barium  chloride. 

Neither  can  the  cause  of  these  contractions  in  the  sodium  chloride 
solution  be  sought  in  the  mechanical  stimulation  brought  about  by  the 
removing  of  the  barium  chloride  and  its  replacement  with  a  sodium 
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chloride  solution,  for  the  mere  removal  and  return  of  the  barium  solu- 
tion in  which  the  muscle  has  almost  ceased  to  contract  does  not  rees- 
tabUsh  the  twitches.  Moreover,  experiments  to  be  related  presently 
speak  against  the  view  that  mechanical  stimulation  has  anything  to  do 
with  this  phenomenon. 

Seeing  that  we  are  replacing  a  bivalent  kation,  Ba,  with  a  univalent 
kation,  Na  or  K,  it  might  be  surmised  that  this  may  be  the  cause  of  the 
stimulation.  However,  a  few  experiments  made  with  calcium  chloride 
render  this  very  unlikely.  In  a  number  of  these  experiments  the  change 
from  barium  to  calcium  chloride  or  magnesium  chloride  was  fol- 
lowed by  a  slight  increase  in  the  twitches,  or  at  least  a  far  better  con- 
tinuation of  the  twitches  than  occurs  when  the  muscle  is  merely  taken 
from  the  barium  chloride  and  left  in  the  air.  Of  course,  this  increase  in 
the  contractions  is  limited  as  might  be  expected  from  the  marked  an- 
tagonism existing  between  barium  and  calcium  in  this  matter.  And 
again,  in  favorable  instances  the  replacement  of  the  barium  chloride  with 
6  per  cent  cane  sugar  solution  has  an  effect  similar  to  that  shown  in  figure 
2,  where  the  sodium  chloride  is  substituted  for  the  barium.  But  in  the 
case  of  cane  sugar,  as  with  the  calcium  chloride,  the  resulting  twitches 
are  of  shorter  duration,  no  doubt  due  to  the  lack  of  sufficient  sodium 
salts.  As  the  substitution  of  either  the  univalent  sodium  or  the  biva- 
lent calcium  or  even  a  non-electrolyte  for  the  barium  brii^  about  the 
same  qualitative  results,  these  results  cannot  be  attributed  to  the  elec- 
tric chaises  of  the  substances  concerned. 

Neither  is  it  likely  that  the  cessation  of  the  twitches  in  the  barium 
chloride  is  due  to  the  establishment  of  a  physiological  balance  between 
the  sodium  and  barium  in  the  muscle  and  that  therefore  the  influx  of 
sodium,  upsetting  this  balance,  causes  anew  the  stimulation  of  the  muscle. 
When  a  muscle  which  has  ceased  to  contract  in  a  solution  composed  of 
10  cc.  m/8  NaCl  plus  i  cc.  m/8  BaClj  is  bathed  with  10  cc.  m/4  NaCl 
plus  i  cc.  m/4  BaClt  solution  the  twitches  begin  once  more,  althoi^  the 
proportion  of  sodium  to  barium  has  not  been  altered.  Let  us  suppose 
that  the  original  stimulating  solution  is  composed  of  9.5  cc.  m/8  NaCl 
plus  0.5  cc.  BaCIj;  in  this  the  twitches  will  finally  cease.  Now  it  is 
immaterial  whether  we  substitute  10  cc.  m/8  NaCl,  5  cc.  m/8  NaCl 
plus  5  cc.  6  per  cent  cane  sugar,  10  cc.  NaCl  plus  yV  cc.  BaCU  or  8  cc. 
NaCl  plus  2  cc.  BaCli;  in  every  instance  the  muscle  shows  increased 
activity.  While  it  is  conceivable  that  a  physiological  balance  of  sodium 
and  bariimi  might  result  in  an  inhibition  of  twitches,  it  is  difficult  to 
see  how  the  upsetting  of  this  equihbrium  either  by  an  increase  or  a  de- 
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crease  in  the  barium  or  in  the  sodium  should  in  all  casea  act  as  a  stimu- 
lation. To  do  so  would  be  to  suppose  that  barium  in  a  certain  concen- 
tration has  an  inhibiting  infiuence  over  the  stimulating  action  of  sodium 
chloride  and  that  the  sodium  in  this  same  concentration  prevented  the 
barium  from  stimulating.  For  such  mutually  inhibiting  qualities  we 
have  found  no  evidence. 

That  the  barium  chloride  has  made  the  muscle  more  irritable  toward 
the  sodium  chloride  is  hardly  likely  to  be  the  cause  of  the  stimulation 
when  the  barium  chloride  is  replaced  with  sodium  chloride  for,  aa  I 
have  already  stated ,  the  stimulation  takes  place  whether  we  introduce  a 
sodium  chloride  of  greater  or  of  lesser  concentration  than  that  with 
which  the  stimulating  barium  chloride  solution  was  diluted.  And  the 
fact  that  in  favorable  cases  a  sugar  or  a  potassium  chloride  solution  is 
able  to  evoke  the  contractions  after  the  muscle  has  been  treated  with  a 


Fig.  2.  From  e  to  a  the  miucle  ia  placed  inO.S  cc.  m/8  BsCli  +  9.5  cc.  m/8  NaCI. 
At  a  and  e  m/8  NaCI  is  applied;  at  b  and  d  the  m/S  NaCI  is  replaced  with  0.5  co. 
BaCl,  +  9.5  cc.  NaCI. 

barium  salt  speaks  against  the  view  that  increased  irritability  toward 
sodium  is  the  cause  of  these  renewed  twitches. 

It  is  therefore  not  the  upsetting  of  a  physiological  balance  of  barium 
and  sodium  nor  the  passf^  of  sodium  into  or  out  of  the  muscle  that 
can  be  regarded  as  the  stimulating  agency.  The  results  of  the  experi- 
ments related  seem  to  be  explicable  only  on  the  theory  that  the  actual 
passage  of  the  barium  salt  into  or  out  of  the  muscle  and  not  its  mere 
presence  in  the  muscle  stimulates.  To  prove  this  four  or  five  experi- 
ments were  made. 

1.  When  a  muscle  has  become  quiet  in  a  dilute  bariiun  chloride  solu- 
tion, the  immersing  of  the  muscle  in  a  sodium  chloride  solution  reinstates 
the  twitches.  If  now,  while  the  twitches  thus  caused  are  at  their  high- 
est, the  sodium  chforide  solution  is  removed  and  the  barium  chloride  is 
replaced,  the  twitches  cease  very  speedily.     In  figure  2  the  twitches 
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following  a  and  c  are  due  to  the  substitution  of  10  cc.  m/S  NaCl  for 
0.5  cc.  tn/8  BaClt  plus  9.5  m/8  NaCl.  When  the  twitches  were  well 
marked,  at  b  and  d,  the  Bodium  chloride  was  removed  and  0.5  cc.  BaCIi 
plus  9.5  cc.  NaCl  substituted.  It  will  be  seen  that  the  twitches  cease 
almost  immediately. 

2.  The  two  gastrocnemius  muscles  were  prepared  and  placed  in  0.5 
cc  BaCli  plus  9.5  cc.  NaCl;  in  figures  3  and  4  the  initial  twitches  are 


Fig.  3.  Fro-n  6  to  c  the  muscle  is  placed  in  0.5  cc,  m/8  BaCIj  +  93 
NaCl.  At  c  thia  is  replaced  with  10  cc.  m/8  NaCl  in  which  the  rauacle 
till  d  when  the  original  solution  ia  replaced. 


Fig.  4.  From  b  to  e  the  muacle  is  placed  in  0.5  cc.  m/8  BaCIi  +  9.5  cc.  m/8 
NaCl.  At  c  thia  ia  replaced  with  NaCl  which  is  continually  renewed.  At  d  the 
NaCl  ia  replaced  with  0.5  cc.  BaCl,  +  9.5  cc.  NaCl. 

those  caused  by  this  solution.  At  c,  in  both  figures,  the  barium  chlor- 
ide is  removed  (after  having  acted  for  thirty  minutes)  and  replaced 
with  sodium  chloride.  In  figure  3  this  sodium  chloride  is  not  renewed 
but  in  figure  4  a  constant  renewal  takes  place.  The  parts  of  the  two 
curves  numbered  from  J  to  5  correspond  in  time.  It  will  be  seen  that 
although  the  muscle  in  figure  3  was  originally  mqre  active  than  its 
mate,  fourteen  minutes  after  the  application  of  the  sodium  chloride 
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(in  section  2)  the  twitches  cease  while  they  continue  for  ten  minutes 
longer  in  figure  4.  When  the  sodium  chloride  solution  is  not  renewed 
an  equilibrium  between  the  barium  salts  in  the  muscle  and  in  the  sur- 
rounding fluid  is  soon  established;  the  outward  diffusion  of  the  barium 
salt  then  ceases  and  the  muscle  is  no  longer  stimulated.  On  the  other 
hand,  when  the  muscle  is  constantly  supplied  with  fresh  sodium  chlor- 
ide solution  the  diffusion  of  the  barium  salt  out  of  the  muscle  continues 
for  a  longer  lei^h  of  time  and  hence  the  stimulation  is  also  of  greater 
duration,  this  ceasing  when  all  the  salt  has  been  removed. 

3.  This  theory  of  stimulation  by  the  outward  diffusion  of  the  barium 
is  further  supported  by  the  continuation  of  the  above  experiments  il- 
lustrated in  figures  3  and  4.  When  both  muscles  had  become  quiescent 
in  the  sodium  chloride  solution,  at  d  figures  3  and  4,  this  solution  is  re- 
moved and  the  original  solution  of  0.5  cc-  BaCli  plus  9.5  cc.  NaCl  sub- 
stituted. In  figure  3,  in  which  previous  to  d  the  sodium  chloride  solu- 
tion had  not  been  renewed,  there  is  little  or  no  activity.  On  the  other 
hand,  the  muscle  which  had  been  bathed  continually  with  fresh  sodium 
chloride  solution  almost  immediately  goes  into  strong  contractions  when 
treated  with  the  original  barium  solution  at  d,  figure  4.  In  figure  3, 
the  presence  of  a  considerable  amount  of  barium  chloride  in  the  muscle 
prevents  the  rapid  and  extensive  passage  of  this  salt  into  the  muscle 
and  consequently  this  muscle  is  not  stimulated  to  any  great  extent. 
But  when  by  the  proper  washing  with  a  lai^  volume  of  sodium  chloride 
solution  the  bariimi  salt  is  removed  from  the  muscle  (fig.  4),  the  subse- 
quent application  of  barium  chloride  is  followed  by  a  quick  entrance  of 
this  salt  into  the  muscle  and,  as  a  result,  stimulation  occurs. 

4.  In  another  experiment  the  two  muscles  are  placed  in  the  proper 
concentration  of  barium  chloride.  After  a  certain  time  this  is  replaced 
with  a  sodium  chloride  solution.  In  one  muscle,  say  A,  this  sodium 
chloride  solution  is  not  renewed  and  the  twitches,  as  related  above, 
speedily  come  to  a  standstill.  The  other  muscle,  B,is  continually  washed 
with  fresh  sodium  chloride  solution  and  its  twitches  continue  for  a  much 
longer  length  of  time  than  those  of  A.  If  now,  while  muscle  B  is  still 
actively  twitching  in  the  sodimn  chloride  solution,  this  solution  is  re- 
moved and  replaced  with  the  sodium  chloride  solution  in  which  muscle 
A  has  ceased  its  activity,  muscle  B  also  very  soon  becomes  quiet. 
Evidently  a  sufficient  amount  of  barium  salt  had  diffused  from  muscle 
A.  into  the  sodium  chloride  solution  to  stop  the  diffusion  of  the  barium 
salt  from  muscle  B  when  it  is  placed  in  this  solution;  as  the  outward 
diffusion  of  barium  ceased,  the  stimulation  abo  ceased. 
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5.  It  is  of  interest  to  compare  the  results  of  the  application  of  dilute 
barium  chloride  at  b  and  d  in  figure  2  with  those  obtained  at  d  in  figure 
4.  In  figure  2  the  muscle  is  energetically  twitching  in  the  sodium  chlor- 
ide which  has  been  appEed  for  only  about  a  minute;  the  barium  salt  is 
still  actively  diffusing  from  the  muscle  and  has  by  no  means  reached 
the  end ;  the  application  of  the  barium  chloride  stops  this  outward  dif- 
fusion, but  because  of  the  relatively  large  amount  of  barium  in  the 
muscle,  no  very  active  entrance  of  barium  into  the  muscle  is  possible 
and  hence  there  is  no  stimulation.  But  in  ^uie  4  the  sodium  chloride 
solution  having  been  frequently  renewed  has  ronoved  all  the  barium 
from  the  muscle  and  hence  immersing  the  muscle  in  a  dilute  barium 
chloride  solution  at  d,  causes  the  passage  of  barium  into  the  muscle; 
this  results  in  stimulation. 

6.  That  the  twitches  ensuing  upon  the  replacement  of  barium  chlor- 
ide with  sodium  chloride  are  in  reality  due  to  stimulation  by  barium 
chloride  is  rendered  highly  likely  by  the  fact  that  when  the  solutioD 
following  the  barium  is  compoaed  of  potassium  chloride  or  calcium 
chloride  (diluted  with  sodium  chloride),  there  is  at  first  an  increase  in 
the  muscle  activity,  but  this  activity  ceases  in  most  instances  veiy 
abruptly  because  of  the  great  antagonism  existing  between  the  barium 
and  the  potassiimi  or  calcium  salts. 

On  looking  through  the  literature  for  other  instances  where  not  the 
mere  presence  of  the  stimulating  agent  in  the  tissue  but  its  actual  pas- 
sage into  or  out  of  the  tissue  stimulates,  I  was  able  to  find  only  two  or 
three  references  to  this  matter.  In  1907  Straube  (9)  found  that  mus- 
carin  which  had  already  penetrated  the  heart  was  without  physiological 
action.  This  investigator  placed  the  heart  in  a  solution  of  muscarin; 
after  a  certain  period  of  inhibition  spontaneous  recovery  took  place. 
At  the  time  of  the  resumption  of  the  heart  beat,  the  blood  in  the  heart 
and  extracts  made  from  the  heart  contained  sufficient  muscarin  to  in- 
hibit a  freshly  excised  heart.  Straube  however  does  not  speak 
of  the  removal  of  the  muscarin  from  the  heart. 

Neukirch  (10)  observed  that  the  tonus  induced  in  the  musculature  of 
the  small  intestines  by  means  of  pilocarpin  was  increased  when  the  pilo- 
carpin  was  removed  by  bathing  the  tissue  with  water.  This  stimulatr 
ing  action  Neukirch  attributes  to  the  outward  diffusion  of  the  pUocarpin 
from  the  tissue,  but  how  this  causes  stimulation  he  does  not  attempt  to 
explain.  Somewhat  similar  effects  were  noted  by  Meyer  (11)  in  the 
action  of  eucain  and  suprarenin  on  the  contraction  of  the  musculature 
of  blood  vessels.    In  all  of  these  investigations  the  stimulating  agencies 
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KDployed  were  complex  organic  compounds  and  the  methods  of  experi- 
mentation  more  or  less  complicated. 

The  question  of  why  the  static  presence  of  an  introduced  electrolyte 
in  a  muscle  does  not  stimulate  while  its  actively  passing  into  or  out  of 
the  muscle  is  accompanied  by  increased  activity  is  naturally  but  one 
phase  of  the  general  question  of  what  constitutes  stimulation.  Ac- 
cording to  the  "  membrane  theory"  of  Overton,  Hoeber,  Lilhe  and  others, 
an  increase  in  the  permeability  of  the  plasma  membrane  is  one  of  the 
first  links  in  the  chain  of  events  which  finally  finds  expression  in  the 
peculiar  activity  of  the  tissue.  When  this  increase  in  permeability  is 
abnormally  great  the  stimulation  gives  place  to  toxic  action  (12).  It 
seems  difficult  to  harmonise  this  theory  with  the  above  described  re- 
sults. Let  us  suppose  a  muscle-nerve  preparation  is  placed  in  0.5  cc. 
BaClt  plus  9.5  cc.  NaCl.  After  a  latent  period  varyii^  from  one^alf 
to  five  minutes,  vigorous  contractions  take  place,  which  cease  after  a 
certain  lei^h  of  time.  The  stimulation  producing  this  activity  is  at- 
tributed to  an  increase  in  the  permeabiUty  of  the  plasma  membrane. 
The  subsequent  cessation  of  activity  might  be  explained  by  supposii^ 
that  a  lower  concentration  of  the  barium  salt  on  the  surface  of  the  mem- 
brane increases  the  permeability  but  that  a  higher  concentration  de- 
creases this  property.  Aside  from  the  fact  that  at  present  there  is  no 
evidence  for  this,  how  can  we  explain  that  this  quiescent  muscle,  if 
placed  in  a  more  concentrated  barium  chloride  solution,  renews  its 
twitches?  And  if,  according  to  Lillie,  the  parallelism  existing  between 
the  stimulating  power  and  the  toxicity  of  chemical  compotmds  is  due  to 
qualitatively  similar  effects  on  the  permeability  of  the  protoplasmic 
surface  film,  the  matter  is  still  more  complicated.  For  if  a  muscle 
ceases  its  activity  in  a  dilute  barium  chloride  solution  because  the  con- 
centration of  the  barium  in  the  muscle  is  so  great  as  to  reverse  its  usual 
action  on  the  plasma  membrane  and  thus  to  decrease  its  permeability, 
how  then,  according  to  the  membrane  theory,  can  the  continued  pres- 
ence of  the  barium  in  this  concentration  exert  any  toxic  influence?  If 
it  is  argued  that  the  continued  presence  of  the  barium  gradually  in- 
creases the  permeability  and  thereby  destroys  the  integrity  of  the  cell 
(for  which  reason  the  stimulation  and  increased  activity  cease  and  the 
cell  gradually  dies),  the  only  way  in  which  the  removal  of  the  barium 
can  renew  the  stimulation  is  by  restoring  the  permeabiUty  to  its  nor- 
mal condition,  i.e.,  by  decreasing  the  permeability.  But  according  to 
the  membrane  theory  (13),  a  decrease  in  permeability  causes  not 
stimulation  but  inhibition. 
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1.  Barium  chloride  does  not  stimulate  by  its  mere  preecuce  in  the 
irritable  structure  but  by  its  active  diffusiou  into  or  out  of  the  tissue. 
It  is  therefore  possible  to  cause  cessation  of  the  rhythmical  contractions 
by  immersing  the  muscle  in  a  barium  solution  which  originally  caused 
rhythmical  activity. 

2.  The  stimulating  action  of  barium  chloride  is  counteracted  by  the 
chloride  of  potassium,  ammonium,  calcium  and  magnesium.  Sodium 
chloride  increases  the  effect  of  barium  salts. 

3.  Bathing  a  muscle  with  6  per  cent  cane  sugar  solution  speedily  re- 
duces its  irritability  toward  barium  salts,  due  to  the  removal  of  sodium 
salts  from  the  muscle. 
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At  frequent  intervals  during  the  past  year  there  have  appeared  in  the 
literature  publications  regarding  the  subetances  in  the  blood  and  body 
tissues  which  have  the  power  of  releasing  oxygen  from  hydrogen  per- 
oxide. The  results  published  have  shown  a  remarkable  uniformity, 
and  from  the  interpretation  placed  upon  them  the  reader  is  led  to  infer 
that  the  activity  of  these  enzymes  is  responsible  for  many  of  the 
physiological  processes  of  the  body. 

According  to  Surge,  the  variations  in  the  activity  of  these  enzymes 
explain,  among  others,  these  phenomena:  a,  The  physiological  differ* 
ences  between  used  and  unused  muscles  (1) ;  b,  Differences  between  the 
ratios  of  heat  production  (oxidation)  in  large  and  smalt  animals  (2)  ; 
c,  The  loss  of  weight  during  starvation  (3);  d,  Loss  of  weight  during 
thyroid  feeding  (4);  e,  The  mechanism  of  phosphorus  poisoning  (5);  /, 
Certain  body  changes  due  to  emotions  (6) ;  g,  Mechanism  of  action  of 
anesthetics  (7),  (8),  (10);  k,  Shock  (9);  i.  The  specific  dynamic  action 
of  food  in  the  sense  of  Rubner  (11),  (12),  (13);  j,  The  physiological 
basis  for  the  therapeutic  use  of  alcohol  in  diabetes  (14);  k,  A  thera- 
peutic basis  for  the  use  of  saccharin  as  a  food. 

What  seemed  a  priori  Eke  an  error  in  reasoning  in  one  of  the  earlier 
papers  (5)  of  this  series  led  the  writer  to  repeat  a  few  of  the  experi- 
ments, the  recent  editorial  in  one  of  the  widely  read  medical  publica- 
tions (16)  led  to  the  completion  of  this  article  and  its  publication. 

The  substances  releasing  oxygen  from  hydrogen  peroxide  we  will 
call  eiU<Ua»e,  with  the  understanding  that  the  term  is  used  in  the  sense 
suggested  by  Kastle  (17),  and  the  use  of  the  term  in  no  way  commite  us 
to  any  view  regarding  the  nature  of  the  substances  concerned.  The 
usual  and  probably  the  correct  view  is  that  the  catalase  is  an  enzyme 
widely  distributed  in  nature. 
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The  viewa  regarding  the  function  of  catalase  in  the  animal  ecoDomy 
are  as  follows:  Loew  (18),  the  pioneer  in  the  field — believes  the 
function  of  catalase  to  be  the  destruction  of  any  peroxides  formed 
during  the  life  of  the  cell,  which  by  their  activity  would  prove  harmful 
to  the  oi^aniBm.  This  same  view  was  advocated  by  Hertzlika  (19) 
and  Shaffer  (20).  Batelli  and  Stem  (21)  observing  that  catalase  in- 
hibits certain  oxidations  by  ferrous  sulphate,  believe  that  the  function 
of  catalase  is  the  protection  of  the  body  by  the  prevention  of  excessive 
oxidation  within  the  cell.  Jolles  and  Oppenheim  (22)  see  in  the 
catalase  the  substance  which  releases  oxygen  from  hemoglobin  for  use 
by  the  cell.  The  same  view  was  advocated  later  by  Ewald  (23). 
Burge  (1)  claims  that  measuring  the  catalytic  power  of  the  tissue  of 
an  animal  measures  the  rate  oi  metabolism  of  the  tissue.  This  view  was 
based  upon  the  observation  that,  in  his  determinations,  the  catalytic 
power  of  an  active  muscle  like  the  heart  is  greater  than  the  catalytic 
power  of  less  active  muscles  like  those  of  the  leg;  while  the  latter  show 
greater  catalytic  power  than  the  still  less  active  muscles  of  the  head. 
Further  (2)  starting  with  the  well-known  fact  that  the  oxidative  power 
of  small  animals  is  greater  than  the  oxidative  power  of  larger  ones, 
be  studied  the  heart  muscle  of  birds  of  various  sizes:  goose,  pigeon 
and  sparrow,  and  of  mammals  of  various  sizes:  dog,  rabbit  and  rat, 
and  found  that  the  content  of  the  heart  muscle  in  catalase  bears  an 
inverse  relationship  to  the  sise  of  the  animal.  From  these  observations 
he  concludes  that  a  measure  of  the  catalytic  power  is  a  measure  of  the 
metabolic  activity  of  a  tissue. 

Inability  to  reproduce  the  results  obtained  by  Burge  in  some  (A 
his  early  papers  led  us  to  a  study  of  various  types  of  apparatus  until 
we  finally  adopted  one  which  gives  results  with  errors  varying  between 
0  and  9  per  cent  for  blood.  Usually  the  error  is  less  than  3  per  cent. 
It  is  impossible  from  reading  Bui^'e  papers  most  carefully  to  arrive 
at  any  conclusion  regarding  the  number  of  determinations  made  on  each 
sample  and  therefore  we  have  no  WfQr  of  estimating  a  fact  not  stated 
in  the  text;  viz.,  the  percentage  of  error  in  the  method  he  employed. 

1.  Method.  Our  apparatus  has  undergone  various  developments 
but,  as  completed,  it  consists  of  six  gas  burettes  each  of  250  cc.  ca< 
pacity,  provided  with  a  side  arm  10  cm.  above  the  open  end  and  a 
glass  stop  cock  at  the  upper  end.  These  burettes  are  fastened  open 
end  down  on  a  ring  stand.  The  open  end  is  closed  with  a  rubber 
stopper  through  which  passes  the  upright  limb  of  a  glass  T-piece. 
The  ends  of  the  cross  bar  of  the  T-tube  are  fastened  to  the  correspond- 
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ing  ends  from  the  next  burette.  In  this  way  the  six  burettes  are 
all  coDDected  with  one  another.  Then  the  open  ends  of  the  end  T- 
pieces  are  connected  with  each  other  by  rubber  tubing,  and  the  tubii^ 
ifl  connected  with  a  4  liter  Mariotte  bottle  full  of  distilled  water  sat- 
urated with  oirygen.  By  raising  this  Mariotte  bottle  all  the  burettes 
can  be  filled  by  closing  the  side  anna  and  opening  the  glass  stop  cocks 
at  the  top.  The  pressure  of  gaa  inside  and  outoide  the  burettes  can 
also  be  equalized  after  the  evolution  of  oxygen  has  ceased,  by  raising 
and  lowerii^  the  bottle  to  the  proper  level.  During  the  release  of 
oxygen  the  bottle  is  placed  on  the  table  beside  the  burettes.  To  the 
side  arm  of  each  burette  is  attached  a  piece  of  rubber  tubing  about 
18  inches  long.  This  is  closed  by  a  pinch  clamp  except  durii^  the 
release  of  oxygen.  The  free  end  of  this  tubing  is  slipped  over  the  side 
arm  of  a  Bunsen  gas  wasbii^  bottle  of  125  cc.  capacity.  When 
ready  for  a  test  50  cc.  of  hydrogen  peroxide  are  measured  into  the 
Bunsen  bottle  by  a  pipette.  The  blood  is  added  by  means  of  a  pipette 
through  the  neck  of  the  bottle,  and  the  cork  is  quickly  inserted.  The 
pinch  cock  between  the  bottle  and  the  burette  is  immediately  released, 
all  the  bottles  are  placed  in  a  shaker  and  the  latter  is  run  for  10  min- 
utes at  the  rate  of  275  shakes  per  minute.  The  evolution  of  gas  is 
complete  in  this  time  and  futher  shaking  adds  nothing  to  the  volume 
of  oxygen  released.  Thus  with  each  sample  of  blood  we  can  obtain  six 
determinations  simultaneously  under  uniform  conditions  of  temper- 
ature, pressure  and  agitation  (see  fig.  1).  The  results  obtained  in  this 
way  are  fairly  uniform  but  even  under  the  conditions  described  there 
are  variations  usually  between  0  and  3  per  cent.  In  all  cases  it  is  de- 
sirable to  dilute  the  blood  until  the  total  oxygen  given  off  is  less  than 
100  cc,  otherwise  the  peroxide  foams,  bubbles  are  carried  over  into 
the  burettes  and  the  readings  are  less  accurate. 

We  are  aware  of  the  fact  that  there  is  an  error  in  the  data  in  this  paper 
because  the  release  of  oxygen  took  place  at  a  variable  room  tempera- 
ture instead  of  at  some  fixed  uniform  temperature  for  all  the  experi- 
ments. We  are  also  fully  aware  of  the  fact  that  the  amount  of  oxygen 
released  by  the  same  blood  from  different  samples  of  peroxide  varies 
between  wide  limits  and  that  the  amounts  released  from  the  same 
sample  varies  with  age  of  the  sample  and  with  the  reaction.  In  the 
results  which  follow  in  tabular  form,  no  attempt  was  made  to  run  all 
the  bloods  reported  in  this  paper  on  a  sii^le  sample  of  peroxide.  All 
results  assembled  in  a  table  with  the  exception  of  those  in  table  1  were 
run  on  a  single  sample  of  peroxide  and  at  as  nearly  the  same  time  as 
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the  Dature  of  the  experiment  would  permit.  Hence  while  the  d^ta 
given  in  the  different  tables  cannot  be  compared  directly,  yet  the 
figures  assembled  in  a  single  table  are  in  all  cases  comparable.  The 
nature  of  the  data  here  did  not  make  absolute  quantities  necessary 
for  the  object  was  merely  to  compare  the  bloods  under  different  con- 
ditions without  reference  to  absolute  catalytic  power.  We  cannot 
compare  bloods  of  different  animals  as  regards  absolute  catalytic  power, 
but  we  can  say  that  A  cc.  of  cat's  blood  usually  releases  about  the 


Fig.  1 

same  amount  of  oxygen  as  ^  cc.  of  dog's  blood  from  a  sii^le  sample  of 
hydn^en  peroxide. 

£.  Normal  variations.  An  idea  of  the  various  readings  where  repeated 
determinations  were  made  on  the  same  sample  of  blood  is  best  secured 
from  table  1. 

It  is  evident  from  table  1  that  the  variations  where  a  number  of 
readings  are  taken  are  considerable ,  even  where  the  same  samples  of  blood 
and  hydrogen  peroxide  are  used.  For  that  reason  where  difFereaces  of 
catalytic  power  are  small  in  successive  samples  of  blood,  too  much  im- 
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portance  must  not  be  attached  to  these  differences.  This  applies  par- 
ticularly to  much  of  the  past  work,  from  which  no  idea  can  be 
formed  from  reading  the  article  in  regard  to  the  number  of  deter- 
minations made  on  each  sample  of  blood  or  tissue. 

It  is  also  evident  from  the  data  we  have  given  that  the  amount  of 
catalase  present  in  the  blood  of  animals  of  the  same  species  varies  with- 
in wide  limits,  as  well  as  the  fact  that  variations  between  species  may 
be  even  wider.  It  is,  therefore,  self-evident  that  a  comparison  be- 
tween the  bloods  of  animals  of  different  species  with  the  idea  of  ob- 

TABLE  1    . 
Varialion*  in  oxygen  reUated  in  timultaneOut  w  tueeettive  letU  in  various  animalt 


1 

*i| 

1 

=8; 

o~ 

u. 

«. 

1 

88.28 

t 

38.48 

( 

23.56 

( 

U9.06 

I 

118.02 

A 

1198.20 

A 

1019.20 

A 

1297.80 

A 

189.00 

\ 

177.98 

A 

039.00 

A 

762.60 

Dogl  . 
Dog  2.. 
Dog  3.. 
Dog*.. 
Dog  5.. 
Cat  1... 
Cat  2. . . 
Horse  1 
Sheep  I 
Goat  1. 
Man  1.. 
Man  3. . 


55.50 


50.85 


taining  an  explanation  of  the  reason  why  small  animals  oxidize  more 
rapidly  than  large  ones,  is  entirely  impossible  and  obviously  cannot 
give  any  information  on  the  point  at  issue.  Other  factors  besides 
mere  weight  or  bulk  ore  certainly  at  work,  and  size  is  only  one  and 
relatively  an  unimportant  factor.  The  catalytic  power  of  the  blood 
of  a  dog  is  less  than  the  catalytic  power  of  the  blood  of  a  cat  of  the 
same  weight — a  fact  which  shows  clearly  the  fact  that  size  is  only  one 
of  probably  many  factors. 

■?.  Effect  of  thyroid  feeding.     We  were,  unfortunately  from  the  stand- 
point of  theory,  not  able  to  confirm  the  findings  of  Bui^  (5)  regarding 
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the  results  in  thyroid  feeding.  Oq  this  part  of  the  subject  we  carried 
out  three  series  of  experiments;  but  since  the  work  in  the  fiist  two  se- 
ries gave  such  unsatisfactory  results — because  of  wide  discrepancies 
in  reading  on  duplicate  testa — we  disregarded  the  results  and  report 
here  only  the  data  from  a  satisfactory  series  of  three  healthy  ftnimala- 
The  cats  were  under  observation  for  a  period  of  seven  days  before 
thyroid  was  administered.  During  this  period  the  heart  rate  was  taken 
daily  and  a  count  of  red  cells  was  nuule.  On  the  seventh  day  the  cats 
were  bled  from  the  jugulars  without  ether,  and  then  about  15  grains 
of  dry  thyroid  was  administered  with  a  stomach  tube  and  was  followed 
by  75  cc.  of  whole  milk  before  the  tube  was  removed  from  the  esoph- 
E^us.    The   administration  of  thyroid    and   of  milk  was  repeated 

TABLES 
Effect  of  ihyroid  feeding 


■iroBS  ranoiD 

urmRTatwiiD 

Tool 

AHOtU. 
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hSt" 
nu 

■^■r 
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"^r 

Oi 

6i 

I58.0* 
148. 0* 
IS3.0' 

8,460.000* 
7,930,000* 
12,090,000* 

95.8 
81.7 
169.9 

6 
71 
S 

185. Ot 
222.01 
186. Ot 

9,495,000t 
8,010,000t 
0,060,0001 

«. 

84.6 
78,9 
102,5 

Cat  24  . 

Average 

103.6 

9,493,000 

119.1 

197,6 

8,865,000 

88.(^ 

*  Average  of  7  obaervations  on  successive  daye  before  thyroid  feeding. 
t  Average  of  5  observations  on  successive  days  during  thyroid  feeding. 
t  Average  of  6  observations  on  successive  days  during  thyroid  feeding. 


daily  during  the  thyroid  period,  as  well  as  the  taking  of  the  heart  rate 
and  the  enumeration  of  erythrocytes.  In  addition  all  the  cats  were  fed 
freely  on  milk  and  meat  of  which  they  took  but  little. 

For  the  sake  of  brevity  the  results  of  the  series  have  been  condensed 
into  table  2. 

As  can  be  seen  from  the  table,  all  the  animals  lost  we^ht  in  spite 
of  the  forced  feedii^;  all  had  an  increased  heart  rate,  very  slight  in 
no.  25  but  marked  in  the  other  two;  all  showed  a  decrease  in  the  power 
of  the  blood  to  release  oxygen  from  hydrogen  peroxide,  instead  of  an 
increase  reported  by  Burge  (4).  In  addition  notes  made  at  the  time 
the  experiments  were  carried  out  show  that  the  animals  suffered  from 
a  severe  diarrhea.    Thus  in  every  case  where  the  cat  is  fed  thyroid  up 
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to  tbe  point  of  the  appearance  of  toxic  Bymptoms,  tachycardia,  diarrhea 
and  loss  of  weight,  the  amount  of  oxygen  released  by  the  blood  is  in 
every  case  less  than  normal.  In  our  series  the  average  amount  re- 
leased by  ^  cc.  of  blood  was  119.1  cc.  After  thyroid  feeding  for  five 
to  NX  days  the  average  amount  released  was  88.0  cc. 

We  are  dealing  here  with  a  question  of  fact,  and  in  favor  of  our  re- 
sults as  compared  with  those  reported  by  Burge  we  wish  to  point  out 
possible  errors  which  we  avoided.  First,  our  results  are  the  results 
of  averages,  not  single  determinations.  How  many  detenmnationa 
he  made  on  each  blood  cannot  be  determined  from  his  articles.  Ours 
are  the  average  of  nine  determinations  in  each  case.  Second,  in  our 
series  each  cat  constitutes  his  own  control,  a  much  better  arrangement 
because  of  the  wide  variation  between  different  animals  in  the  same 
species.  Third,  the  author  referred  to  could  not  be  certain  in  regard 
to  the  amount  of  thjrroid  the  animals  received  for  they  took  the  sub- 
stance mixed  in  their  food.  That  the  author  experienced  difficulty 
in  getting  the  animals  to  eat  thyroid  is  evident  from  his  paper.  That 
our  cats  received  the  amounts  recorded  is  certain,  that  they  retained 
it  for  at  least  thirty  minutes  was  covered  i^  continued  observation 
after  the  drug  was  administeTed,  that  it  was  absorbed  is  evident  from 
the  toxic  symptoms  noted  above.  Fourth,  Bui^  made  no  attempt 
to  mtuntain  the  water  content  of  the  blood  and  thus  did  not  avoid  the 
possible  comphcation  of  concentration  of  the  blood  due  to  a  toss  of 
water  hy  normal  excretion  and  decreased  ingestion,  or  from  increased 
elimination  from  the  diarrhea,  if  his  cate  got  enoi^  thyroid  to  mani- 
fest toxic  symptoms.  This  factor  is  important  because  the  loss  of  water 
leads  to  concentration  of  the  form  elements,  and  to  an  enormous  error; 
for  as  is  known  from  earlier  work  (22)  and  confirmed  by  data  in  table  3, 
the  catalases  of  blood  are  found  in  the  form  element,  not  in  tbe  fluid. 
We  avoided  this  error  by  the  fact  that  we  administered  75  cc.  of  whole 
milk  with  the  thyroid,  and  we  believe  this  amount  to  be  adequate  to 
maintain  the  water  balance  in  the  blood  of  cats  as  large  as  the  ones  we 
employed  in  our  experiments. 

Further,  it  is  interesting  to  note  that  not  only  is  the  amount  of  oxy- 
gen released  by  the  blood  reduced  by  thyroid  feeding,  but  the  number 
of  corpuscles  required  to  release  a  cubic  centimeter  of  oxygen  is  in- 
creased and  hence  the  amount  of  oxygen  released  by  each  corpuscle 
is  reduced.  This  fact  is  brought  out  from  the  results  recorded  in  the 
table  just  mentioned: 
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orputcUa  required  to  reletat  1  ce.  of  oxygen 

'  airOU  THTBOID 

AniB  nimoio 

6,887 
6,5t0 
4,744 

It  is  possible  to  estimate  the  number  of  cubic  centimeters  of  j 
released  by  1  corpuscle: 


..ro.,T-T«... 

*^««0.B 

0.000169 
0.000153 
0.000210 

From  these  facts  it  is  clear  that  Qot  only  does  thyroid  feeding  reduce 
the  catalytic  power  of  the  blood  as  a  whole,  but  it  also  reduces  the 
amount  of  oxygen  released  from  hydrogen  peroxide  by  each  individual 
corpuscle,  in  every  case.  The  data  here  given  do  not  include  the 
leukocytes  or  platelets.  Therefore  the  loss  of  weight  from  thyroid 
feeding  cannot  be  due  to  an  increased  catalase  content  of  blood,  for 
on  more  accurate  measurement  tke  catalase  content  of  the  blood  is  not 
ina-eased  but  is  decreased  by  feeding  thyroid. 

Having  studied  the  effect  of  thyroid  feeding  we  considered  it  wise 
to  study  some  of  the  simple  facts  regardit^  the  catalytic  power  of  the 
blood  of  animals.  We  selected  cats  because  of  the  ease  with  which 
they  could  be  secured  and  because  of  the  high  catalytic  power  of  the 
blood.  The  blood  was  drawn  imder  light  ether  anesthesia  and  thor- 
oi^hty  defibrinated  by  whipping.  All  the  samples  in  the  series  re- 
corded in  tables  3  and  4  were  run  on  the  same  hydrogen  peroxide,  and 
the  series  for  each  cat  was  completed  on  the  same  day  the  blood  was 
drawn. 

4-  Tke  reloHon  of  tke  cattdase  to  the  corpuscle.  In  table  3  we  report 
the  results  from  a  series  of  eight  healthy,  normal  cats  in  whose  blood 
we  studied  the  catalytic  power  of  whole  blood,  serum,  washed  cor- 
puscles and  of  blood  saturated  with  carbon  monoxide  (illuminating 
gas). 

This  table  emphasizes  the  fact  already  mentioned  in  the  discussion 
of  table  1;  viz:  the  variation  between  two  animals  of  the  sa 
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TABLES 
Effect  oj  tctuking  corpuscles,  and  of  taturalion  nf  blood  mith  carbon  monoxide 


.«... 

^.,^o. 

coir.'^". 

...™ 

'""JtSS" 

25.68 
28.72 
28.07 
14.22 
13,65 
16.22 
16.26 
19.75 

26.76 
23.92 
23.43 
12.39 
12,55 
12.27 
12. 4S 
17.50 

0 
0 
0 
0 
0 
0 
0 

Cat  2 

Cat  4.  . 

Cat  6 

Cat  7 

Average 

19.82 

17.66 

0 

18.  OS 

In  each  cue  1  cc,  of  blood  was  diluted  to  10  ec.  with  0.9  per  cent  NaCI,  and 
I  cc.  of  the  mixture  (hence  i*^  ec.  of  blood)  waa  uaed  aa  a  teat, 

is  enonnous.  Thus  cat  2  released  twice  as  much  oxygen  from  the  same 
hydrogen  peroxide  as  cat  5;  hence  the  variations  amounted  to  100  per 
cent  between  animals.  Yet  so  far  as  we  could  determine  both  cats 
were  nearly  equally  active  or  rather  inactive  as  the  readings  were  taken 
in  the  summer.  Washing  the  corpuscles  reduces  the  amount  of  oxygen 
released  by  about  10.8  per  cent.  We  do  not  believe  that  this  decrease 
is  of  much  significance ;  probably  the  loss  of  catalytic  power  is  due  to 
loss  of  corpuscles  during  the  process  of  washing,  •  That  there  must  be 
some  loss  is  almost  inevitable.  That  centrifugation  is  not  the  cause 
of  destruction  is  shown  by  the  fact  that  if  blood  is  merely  centrifu- 
gated  and  then  shaken  up  without  withdrawal  of  the  supernatant 
fluid,  the  readings  from  the  normal  blood  and  centrifugated  blood 
check  within  the  limits  of  error: 


KO-^  BLOOD 

W*«..D  B.OOP 

79,88 
90,56 
79,00 

79,34 
90,65 
81,40 

74,29 
79,09 
74,00 

Of  course  these  experiments  do  not  eliminate  a  possible  "comple- 
menting" action  between  serum  and  corpuscle. 

We  ore  therefore  justified  in  the  conclusion  that  centrifugating  the 
blood  do^  not  impair  the  catalytic  power.     The  third  point  brought 
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out  is  the  (act  that  the  catalytic  power  of  th&  blood  is  confined  to  the 
corpuscle,  for  in  none  of  these  cases  did  the  serum  release  oxygen  from 
hydrogen  peroxide.  In  other  experiments  aerum  up  to  10  cc.  was 
added  to  hydrogen  peroxide  but  in  no  case  was  more  than  2  cc.  of  Oi  re- 
leased in  ten  minutes  and  in  this  case  considerable  red  discoloration 
was  evident.  Thus  the  conclusion  is  warranted  that  the  catalytic 
power  of  the  blood  is  resident  in  the  corpuscles  and  not  in  the  serum. 
Fourth,  saturation  of  the  hemoglobin  of  the  blood  with  carbon  mon- 
oxide by  exposing  the  diluted  blood  to  illuminating  gas  reduces  the 
catal3rtic  power  by  8.9  per  cent  in  the  series  of  exiKrimeats  quoted. 
In  cats  3  and  5  reported  in  the  table  release  of  oxygen  by  the  blood 
was  the  same  no  matter  whether  the  hem<^obin  was  saturated  with 
oxygen  or  with  carbon  monoxide.  We  have  many  other  cases  in  agree- 
ment  with  these  examples: 


42.07 

40.71 

24.45 

25.86 

28.10 

28.10 

90.55* 

92.85 

67.78* 

67.00 

96. 83* 

110.60 

81.67- 

94. 5i 

*  This  hydrogen  peroxide  was  &  different  aample  from  that  used  in  table  3. 

Thus  the  average  result  from  the  total  of  12  cats  tested,  in  which 
the  blood  was  saturated  with  gas  after  leaving  the  body  the  releasing 
power  before  saturation  was  41.18  cc.  and  after  gas  42.45  cc.  of  oxygen. 
Thus  it  is  evident  that  while  in  our  short  series  of  cases  saturation  of 
blood  with  gas  after  it  leaves  the  body  reduces  the  cataljrtic  power, 
this  reduction  is  not  evident  in  a  larger  series.  In  the  series  of  three 
dogs  cited  the  catalytic  power  before  C  =  0  saturation  was  31.54, 
after  saturation  it  was  31.54.  These  results  are  in  accord  with  those 
of  JoUes  and  Oppenheim  (22),  and  opposed  to  those  of  Wintemiti 
and  Melloy  (24).  In  all  probability  in  the  latter's  case  the  change  is 
due  not  to  the  direct  action  of  the  C  =  0,  as  they  have  assumed,  but 
to  some  effect  of  gas  upon  the  body  other  than  the  saturation  of  the 
hemoglobin  with  carbon  monoxide.  Fifth,  the  table  shows  the  wide 
variation  in  the  blood  from  apparently  normal  cats,  there  being  100 
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per  cent  variation  between  the  highest  and  the  lowest  althoi:^  the 
animaU  all  seemed  equally  active  and  oormaL  The  sluggish  animals 
did  not  show  a  low,  nor  the  active  animals  a  high  oxidase  content  aa  is 
claimed  by  Burge  (13). 

Further,  dog  4  of  table  5  was  one  of  the  most  active  dogs  studied, 
yet  his  catalytic  power  was  far  below  the  average  normal  for  all  the 
dogs  studied.  There  is  absolutely  no  doubt  in  the  mind  of  the  author 
that  there  is  no  relation  between  the  catalase  content  of  the  blood  and 
the  activity  of  the  animal.    The  determinating  factor  as  to  whether  an 
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Each  test  was  made  by  adding  1  cc.  of  a  mixture  of  laked  blood  1 :  10  to  50  cc. 
of  UiOi.  Thus  the  figurea  represent  the  oxygen  released  from  50  ec,  of  HiO) 
by  A  cc.  of  blood,  Isotonicity  waa  secured  in  the  case  of  water  taking  before 
testing  the  catalytic  power.  The  control  wag  made  by  adding  the  laking  agent 
to  the  HtOt  before  the  blood  «aa  added. 

individual  is  sluggish  or  alert  would  seem  to  depend  not  so  much  on 
the  catalase  content  of  the  blood  as  upon  the  nervous  system. 

The  next  step  in  the  subject  was  the  determination  as  to  what  por- 
tion of  the  corpuscle  is  responsible  for  the  release  of  oxygen  from  hy- 
drogen peroxide.  Upon  this  point  information  was  obtained  by  laking 
experiments.  Various  forms  of  laking  were  employed  as  is  shown 
in  table  4.  This  table  contains  data  from  the  same  animals,  made  at 
the  same  time  as  the  results  cited  in  table  3. 

It  is  evident  from  the  table  that  laked  blood  does  not  relea^  as  much 
oxygen  from  the  peroxide  as  does  normal  blood.    Of  the  agencies  em- 
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ployed,  ether  was  least  effective,  and  NaOH  moat  effective  in  reducing 
the  catalytic  power.  None  of  the  substances  employed  modified  the 
amount  released  to  any  very  great  degree  as  is  shown  by  the  comparison 
of  the  control  with  the  normal  amount  released,  except  in  the  case  of 
NaOH.  This  substance  shows  a  favoring  action,  undoubtedly  by  the 
neutralization  of  the  acid  present  in  the  U.  S.  P.  preparation  of  hydro- 
gen peroxide  on  the  market.  It  is  probable,  judging  from  the  colors 
produced,  that  the  varying  reduction  of  catalase  content  of  the  laked 
blood  depends  upon  the  degree  of  laking  rather  than  upon  fimdamenfal 
differences  in  the  processes  of  laking.  Laking  by  water  and  by  freezing 
and  thawing  are  without  doubt  mechanical,  yet  these  produce  marked 
reductions  in  the  catalytic  power.  If  the  presence  of  enzymes  is  the 
only  factor  concerned  in  the  release  of  oxygen,  it  is  strange  that  any  proc- 
ess as  mild  as  the  mere  introduction  of  water,  or  simply  raising  and 
lowering  the  temperature  between  0°C.  and  23°C.  should  produce  such 
a  raerked  reduction  in  the  activity  of  the  enzyme,  for  most  enzymes  with- 
stand the  action  of  water  and  wide  ranges  in  temperature  and  readily 
withstand  temperatures  around  O^C.  Th;i3  it  is  evident  that  for  normal 
catalytic  activity  the  presence  of  the  iminjured  corpuscular  membrane 
is  essential.  Whether  the  loss  of  catalytic  activity  is  due  to  the  destruc- 
tion of  the  enzyme  or  to  the  loss  of  surface  of  the  corpuscle  is  not  clear. 
It  has  been  impossible  up  to  the  present  time  for  us  to  recover  the  en- 
zyme, which  is  stated  by  Senter  (25)  to  be  in  combination  with  the 
stroma.  The  laked  blood — thus  containing  the  mixture  of  hemoglobin 
and  stroma — shows  very  little  catalytic  action  and  the  addition  of  even 
large  amounts  of  stroma — from  as  much  as  10  cc.  of  blood  for  a  single 
test — releases  very  little  oxygen,  2  cc.  Thus  with  the  laking  of  the 
corpuscle  the  enzyme  disappears  from  the  blood  and  is  lost,  either  be- 
cause of  destruction  of  the  enzyme  or  because  of  a  loss  of  surface. 

5.  Effect  of  anesthetics.  Regarding  the  effect  of  anesthetics  on  the 
catalase  content  of  blood,  Burge  concludes  that  the  catalase  content  of 
the  blood  of  animals  is  markedly  reduced  during  the  induction  of  an- 
esthesia, and  increased  to  above  normal  during  recovery.  The  figures 
published  were  as  follows: 
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One  fundamental  error  in  this  work  is  self-evident :  The  normal  was 
taken  on  animals  so  under  the  influence  of  morphine  and  ether  that 
the  insertion  of  a  tracheal  cannula  was  possible — an  error  inexcusable 
when  the  explanation  of  anesthesia  is  under  consideration.  Since  ani- 
mals were  being  studied  in  this  laboratory  under  morphine  and  ether 
for  another  problem,  it  was  considered  advisable  to  subject  the  work  on 
anesthetics  to  further  tests,  for  this  problem  is  of  fundamental  impor- 
tance. The  results  are  to  be  seen  in  table  5  where  the  data  from  ten 
experiments  on  six  animals  have  been  assembled. 

As  can  be  seen  from  the  table  the  normal  variation  observed  be- 
tween individuals  of  the  same  species  is  very  wide.  The  greatest  cata- 
lytic activity  observed  was  in  dog  5,  experiment  A,  whose  blood  re- 
leased 66.22  cc.  of  oxygen.  The  lowest  was  dog  4,  experiment  B,  whose 
blood  released  only  5.96  cc.  of  oxygen.  Yet  both  animals  were  equally 
healthy  and  of  the  two  dogs  no.  4  was  certainly  the  more  lively  animal. 
Thus  we  cannot  credit  the  statement  recently  made  (13)  that  it  is  pos- 
sible to  "pick  out  dogs  with  high  catalase  content  on  the  basis  of 
liveliness."  As  can  be  seen  from  the  table,  the  average  normal  releasing 
power  of  the  blood  of  dogs  for  oxygen  ajnounts  to  34.74  cc.  for  each  \ 
cc.  of  dog  blood.  After  morphine  this  average  is  reduced  to  33.67  cc. 
Leaving  out  experiment  C,  dog  5,  and  experiment  B,  dog  6,  in  which 
there  was  obvious  error  due  to  imperfect  defibrination  of  the  blood,  the 
average  was  35.71  cc.  After  ether  for  fifteen  minutes  it  is  increased  to 
37.39  cc,  after  ether  for  one  hour,  or  until  the  death  of  the  animal, 
36.92  cc.  In  only  three  of  ten  cases  was  there  a  decrease,  and  in  two 
of  these  the  animal  was  dead  from  an  overdose  of  ether.  It  is,  there- 
fore, evident  that  under  ether  anesthesia  there  is  no  such  reduction 
of  catalytic  power  as  is  reported  by  Burge  in  his  articles,  (7),  (8),  (10), 
in  which  he  states  in  bis  conclusion :  "  The  catalase  content  of  the  blood 
decreases  during  the  administration  of  ether  and  increases  during  the 
recovery  from  ether."  We'can  offer  no  su^estions  as  to  why  our  re- 
sults differ  from  those  reported  by  Burge,  unless  the  diiEculty  lies  in 
the  method  he  employed,  which  we  consider  to  be  extremely  inaccurate. 
However,  that  does  not  explain  the  gradual  decrease  and  increase  which 
be  report*.  If  the  errors  lay  entirely  in  the  method  such  as  we  noted 
when  employing  his  methods,  we  would  expect  irregular  variations,  not 
the  uniform  change  which  he  reports. 

Further,  Burge  (14)  finds  with  alcohol  an  increase  in  the  catalytic 
power  of  the  blood,  and  this  he  beheves  to  be  the  explanation  of  the 
beneficial  results  of  alcohol  in  diabetes.    As  is  well  known,  alcohol  pro- 
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duces  in  large  doses  a  condition  objectively  similar  to  anesthesia,  yet 
according  to  Bulk's  measurements  tlie  catalases  are  increased.  Are 
we  to  believe  that  the  action  of  alcohol  and  ether  is  fundunentally  dif- 

TABLB  t 
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*  Blood  not  properly  defibrinated,  numeroua  clots,  sad  the  estimations  are  too 
low.    These  figures  are  not  included  in  the  average  of  the  column. 

ferent?  Further  his  premise  that  the  pathology  of  diabetes  is  the  fail- 
ure of  the  animal  organism  to  oxidize  sugar  because  of  decreased  cata- 
lytic power  of  the  tissue  is  not  yet  established. 
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Naturally  since  no  decrease  in  catalytic  power  can  be  demoDstrated, 
the  theory  of  anesthesia  he  advocates  is  untenable. 

a.  Catalase  of  solid  tissue.  Our  attempts  to  measure  the  catalytic 
power  of  solid  tissue  were  unsatisfactory.  How  recent  writers  secure 
the  uniform  results  they  report  is  a  mystery,  to  be  explained  only  on 
the  basis  of  a  single  test  on  each  sample.  If  the  method  of  determimng 
catalases  is  reliable  then  results  obtained  by  running  a  series  of  three  to 
six  tests  of  the  same  tissue  gainst  the  same  sample  of  hydrogen  peroxide 
should  give  uniform  results.  Further,  granting  that  tlie  above  test 
can  be  made  satisfactorily,  in  comparing  the  same  tissue  from  different 
animals  or  different  tissues  from  the  same  animal  where  the  tissues 
must  be  prepared  separately,  what  is  the  criterion  by  which  the  fineness 
of  division  of  the  tissues  prepared  separately  can  be  judged?  It  is  very 
important  that  the  state  of  division  be  the  same  in  the  sample  to  be 
compared  for  a  finely  ground  sample  will  always  release  more  oxygen 
from  hydrogen  peroxide  than  one  less  finely  ground.  -  Blood  allowed  to 
clot  partially  and  then  whipped  so  that  fine  clots  are  suspended  yields 
less  oxygen  than  blood  well  defibrinated.  (See  experiments  5C  and  6B, 
table  5).  This  introduces  the  difficulty  of  preparii^  tissues  from  differ- 
ent sources,  as  for  example  heart  muscle  with  skeletal  muscle,  a  difficulty 
so  great  that  a  true  comparison  of  the  catalytic  power  of  the  two  tissues 
has  not  yet  been  made. 

We  wish  to  present  type  examples  of  our  results  where  a  number  of 
tests  were  made  on  a  single  carefully  prepared  tissue  run  against  hydro- 
gen peroxide.  These  tests  involve  five  tissues  only,  viz.,  brain,  heart, 
liver,  intestines  and  skeletal  muscles. 

Kzpmment*  on  brain.  Young  cat.  Bled  under  ether.  Aorta  and  carotid 
were  perfused  with  warm  salt  solution.  Brain  and  medulla  were  removed  and 
ground  in  mortar  for  thirty  minutes  until  a  uniform,  creamy  consistency  was 
iecured.  To  10  grams  of  brain  tissue  was  added  sufficient  0.9  per  cent  NaCl  to 
make  100  ec.  To  this  emulsion  were  added  12  large  glass  beads,  and  the  vessel 
was  shaken  until  a  uniform  emulsion  was  secured.  Ten  cubic  centimeters  of  this 
emulsion,  and  thus  I  gram  of  brain  tissue,  were  added  to  50  cc,  of  hydrogen  perox- 
ide  in  each  bottle,  and  all  tests  were  run  simultaneously  for  two  hours.  Readings 
were  made  at  ten-minute  intervals  at  first  and  longer  intervals  later.  The  results 
are  recorded  uncorrected  in  table  6,  The  tissue  showed  a  tendency  to  clump  and 
to  rise  to  the  surface  during  the  early  part  of  the  shaking.  Later  the  particles 
remained  separate  from  each  other. 

Experiment*  on  liver.  Dog.  Ether  anesthesia.  The  animal  was  perfused 
through  the  aorta  with  warm  salt  until  the  liver  was  free  from  blood.  The  liver 
was  ground  ia  a  sausage  grinder  and  then  triturated  with  a  mortar  and  pestle. 
One  gram  of  the  ground  tissue  was  accurately  weighed  intoawatcb  crystal,  washed 
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into  the  Bunsen  bottle  by  10  cc.  ofO.9  per  cent  NaCl.  Fifty  cubic  centimetere  of 
hydrogen  peroxide  were  added  to  each  bottle  and  the  tests  were  sbakea  as  before 
noted.  Readings  were  made  as  in  the  previous  experiment.  The  results  are 
recorded  uncorrected  in  table  7.     The  tisBue  floated  much  of  the  time. 

Experiment!  on  heart  tisatie.  The  heart  was  removed  under  ether  while  still 
beating,  and  perfused  backward  through  the  aorta  under  about  1  meter  preaeure 
with  warm  salt.  The  heart  beat  vigorously  during  the  early  part  of  the  perfusing 
and  later  was  massaged  freely  until  bloodless.  The  tissue  was  then  ground  in 
the  sausage  grinder  and  lal«r  triturated  with  a  mortar  and  pestle  until  in  a  very 
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fine  Btate  of  division.    The  tissue  tests  were  run  as  in  the  case  of  the  liver.    He- 
suits  are  recorded  in  table  8, 

Experiments  on  inlestine.  Young  cat.  Ether  anesthesia.  Bled  from  the 
heart  and  later  perfused  with  warm  salt  solution  until  the  tissues  were  bloodless. 
The  small  intestines  were  removed  and  thoroughly  cleansed  of  their  contents. 
They  were  then  slit  longitudinally  and  the  mucosa  and  part  of  the  muscularis 
was  scraped  oS  into  a  mortar.  The  tissue  was  then  carefully  triturated  with  mor- 
tar and  pestle.  One  gram  by  weight  was  tested  against  hydrogen  peroxide,  as 
in  the  previous  tests,  except  that  the  peroxide  bad  been  neutralised  with  sodium 
carbonate.    The  results  appear  in  table  9. 
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Experimentt  on  tkdetal  mutcle.  Muscle  wa«  removed  from  the  posterior  as- 
pect of  the  hind  legs  and  lumbar  region  of  the  cat  from  which  the  intestineB  had 
been  removed.  The  rouecle  was  cut  finely  with  the  scissors  and  then  ground  with 
an  equal  amount  of  clean  sand  until  the  tisBuea  were  finely  subdivided.    One 
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gram  of  this  mixture  of  muscle  and  sand,  thus,  0.5  gram  of  voluntary  muscle  was 
tested  against  neutralized  hydrogen  pero^fide.  The  results  are  shown  in  table  10. 
The  sand  above,  added  to  hydrogen  peroxide,  released  no  oxygen  in  thirty  min- 
utes. Therefore,  the  reaction  here  recorded  is  due  to  the  action  of  substances  in 
the  muscle. 
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From  these  experimenta  it  is  evident  that  when  dealing  with  the  solid 
tissues,  even  in  a  finely  subdivided  state,  the  evolution  of  gas  is  by  no 
means  completed  in  the  ten  minutes  allowed  by  Burge,  or  in  the  fifteen 
minutes  allowed  by  Alvarez  and  Starkweather  (26),  (27),  (28),  in  detei^ 
mining  the  catalase  content  of  sohd  tissue.  In  the  case  of  the  brain 
tissue  four  of  five  teata  evolved  some  gas  after  sixty  minutes,  and  the 
greatest  deviation  from  the  average  of  five  tests  varied  from  5.5  to  20.9 
per  cent  in  the  various  readings.  As  can  be  seen  in  table  11,  in  one  bu- 
rette only  51  per  cent  of  the  total  gas  ultimately  released  was  released 
in  the  first  ten  minutes;  in  another  burette  under  identical  conditions 
80  per  cent  of  the  total  gas  ultimately  released  was  released  in  the  same 
time.  Taking  the  average  65.9  per  cent  was  released,  and  the  greatest 
variation  from  this  average  was  14.9  per  cent.  It  is  therefore  evident 
that  for  brain  tissue  a  ten-minute  test  is  absolutely  inadequate. 


TABLE  U 

To  show  the  percentage  of  Ihe  total  oxygen  reUaeed  in 

ten  minute* 

,VU«T, 

— 

1 

1 

J 

* 

1 

A..UO. 

73 
39 
86 
75 
63 

per  anl 
51 
35 
05 
67 
61 

80 
33 
73 
67 
51 

67 

88 
64 
52 

pr  ctiU 

64 

83 

78 
55 

65.9 
3B.2 
84.0 
71.3 
56.3 

7  3 

As  can  be  seen  from  table  12,  in  one  burette  only  60  per  cent  of  the 
total  gas  ultimately  released  was  released  in  the  first  twenty  minutes; 
in  another  burette  under  identical  conditions  93  per  cent  of  the  total 
gas  ultimately  released  was  released  in  the  same  time.  Taking  the 
average  77  per  cent  was  released,  and  the  greatest  variation  from  this 
aven^  was  17  per  cent.  It  is  therefore  evident  that  for  brain  tissue  a 
twenty-minute  test  is  absolutely  inadequate.  In  the  case  of  the  liver, 
all  the  tests  were  still  evolving  gas  after  seventy  minutes  of  shaking. 
In  fact  some  oxygen  was  evolved  the  next  morning  when  the  shaker  was 
started  after  standing  untouched  all  night.  The  greatest  deviation  from 
the  average  varied  between  6.63  and  14.8  per  cent.  The  detaib  of 
error  are  to  be  seen  in  tables  11  and  12.  In  the  case  of  the  heart  three 
of  five  testa  were  evolving  gas  after  forty  minutes  of  shaking  and  the 
deviation  from  the  averi^je  varied  between  12.6   and   15  per   cent. 
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(See  tables  11  and  12.)  The  writers  referred  to  above  record  no  long 
time  experiments  and  it  is  thus  self-evident  that  the  results  recorded  by 
them  measure  not  the  total  catalytic  power  of  the  tissue  studied,  but 
only  a  small  and  by  no  means  necessarily  equal  fraction  of  the  catalytic 
power  of  each  tissue  studied.  That  intestine  and  voluntary  muscle  are 
subject  to  the  same  error  as  the  other  solid  tissues  is  evident  from  tables 
9,  10,"  11  and  12. 

We  believe  that  the  work  we  have  reported  is  proof  that  thb  method 
of  studying  catalase  is  unreliable,  even  when  the  same  sample  of  tissue 
is  used  in  duplicate  tests,  because  the  factor  of  error  is  from  5  to  20  per 
cent  if  we  consider  the  variations  between  different  tests.  The  factor 
of  error  in  the  solid  tissues  when  we  compare  the  amount  of  gas  released 

TABLE  13 

To  show  the  ptreenlage  of  the  total  oxygtn  released  in  tteenty 


.„.-„. 

ATBUai 

»^.«»c. 

1 

i 

< 

t 

5 

*"■""■ 

8ft 
51 
95 
90 
83 

60 
47 
100 
86 
85 

93 
45 
86 
85 
83 

67 

93 
83 
82 

63 

91 
91 
80 

urtnt 
77.0 
48.0 
92.8 
87.5 
82.9 

pa-eml 

Liver 

Heart 

in  ten  minutes  in  any  single  test  with  the  total  gas  ultimately  set  free 
in  the  same  test  may  vary  anywhere  from  3.2  per  cent  to  14.9  per  cent 
from  the  average.  If  the  reading  is  made  after  twenty  minutes  the 
factor  of  error  varies  between  2.9  per  cent  and  17  per  cent  from  the 
average.  The  allowance  made  for  either  of  these  factors  must  be  at 
least  doubUd,  if  tissue  from  different  animals  or  different  tissues  from  the 
same  animal  but  prepared  separately,  are  used,  because  of  the  utter  im- 
possibility of  reducing  all  the  tissue  to  the  same  state  of  subdivision. 
Thus  it  is  with  regret  that  we  are  forced  to  the  conclusion  that  the  data 
on  the  catalytic  power  of  solid  tissues  prepared  according  to  the  methods 
employed  are  worthless,  and  the  theoretical  conclusions  founded  on  these 
data  are  without  the  necessary  foundations  in  fact. 
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1.  A  method  which  measurea  the  catalytic  power  of  the  blood  is 
given  accurate  to  within  5  per  cent  in  moat  caaea. 

2.  There  is  1000  per  cent  variation  in  the  bloods  of  different  animals 
(dogs)  under  identical  conditions,  and  wide  variationa  in  the  bloods  of 
animals  of  different  species. 

3.  There  is  a  reduction  in  the  catalytic  power  of  blood  during  thyroid 
feeding;  this  is  true  not  only  for  the  whole  blood  but  for  each  corpuscle 
also.  Thus  increased  catalytic  power  of  the  blood  can  not  explain  the 
loss  of  flesh  during  thyroid  feeding,  either  because  of  the  increased  oxida- 
tion of  material  in  the  blood  stream,  or  because  of  increased  loss  of  cata- 
lase  to  the  blood  by  the  tissues,  resulting  in  over-activity  of  the  auto- 
lytic  ferments,  normally  held  in  check  by  catalase. 

4.  The  catalytic  activity  of  the  blood  is  confined  to  the  corpuscle. 

5.  The  catalytic  power  of  the  corpuscle  is  not  influenced  by  the  oxygen- 
carrying  power  of  the  blood. 

6.  There  is  a  shght  increase  in  the  catalytic  activity  of  blood  during 
ether  anesthesia,  hence  a  decrease  in  the  catalytic  power  of  the  blood 
cannot  be  the  mechanism  of  action  of  the  anesthetics. 

7.  Ko  method  has  yet  been  devised  which  adequately  measures  the 
catalytic  power  of  the  sohd  organ.  Oxygen  is  evolved  for  at  least 
thirty  minutes  and  the  error  is  from  5  to  20  per  cent. 

CONCLUSION 

Since  the  catalytic  power  of  the  blood  varies  between  such  enor- 
mously wide  limits,  100  per  cent  to  1000  per  cent,  in  animals  of  the  same 
species  imder  the  same  conditions,  we  do  not  believe  that  the  catalases 
can  be  particularly  important  and  hence  do  not  beUeve  that  a  study 
of  catalases  can  possibly  explain  the  mysteries  of  the  processes  of 
oxidation. 

(The  writer  wishes  to  acknowledge  the  help  of  Dr.  E.  L.  Koss  in  the 
development  of  the  apparatus,  and  of  Measrs.  Eymimdson,  Greenwood, 
Hubbard  and  Scblosser  in  carrying  out  the  experiments.) 
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The  experimeatfl  that  form  the  basis  of  the  present  report  were  UDder- 
takeo  in  an  effort  to  determine  the  effect  of  certain  of  the  glands  of 
internal  secretion  upon  the  output  of  bile  by  the  hepatic  cells.  For 
our  study  we  selected  the  following  gland  Bubstances:  mammaiy, 
orchic,  ovarian,  pancreatic,  splenic,  thymic  and  thyroid.  These  were 
all  obtained  from  Armour  &,  Company.  To  the  foregoing  list  we  added 
solution  of  adrenalin  chloride,  prepared  by  Parke,  Davis  &  Company, 
and  secretin,  prepared  by  the  method  we  have  described  in  connection 
with  other  experiments  (1). 

The  procedure  was  the  same  in  all  of  the  experiments;  The  animal 
to  be  operated  upon,  usually  a  dog  but  in  a  few  cases  a  cat,  was  anesthe- 
tized by  morphine  and  ether,  if  a  dog,  or  by  ether  alone,  if  a  cat;  a  can- 
nula was  inserted  in  the  left  carotid  artery  and  connection  made  with 
a  mercury  manometer  in  order  to  record  blood  pressure;  another  can- 
nula was  inserted  in  the  right  external  jugular  vein  for  the  injection  of 
a  solution  of  the  gland  substance  being  studied.  The  abdomen  was 
opened  in  the  linea  alba  and  a  third  cannula,  specially  constructed, 
was  tied  in  the  conmion  bile  duct;  the  cystic  duct  was  now  clamped 
or  ligated,  the  edges  of  the  abdominal  incision  brought  together,  and  a 
towel  wrung  out  in  physiological  saline  solution  at  a  temperature  of 
40°C.  placed  upon  the  abdomen  so  as,  to  cover  the  wound  completely. 
This  towel  was  kept  moist.  Rectal  temperature  was  taken  from  the 
time  the  anesthetic  was  started  until  the  end  of  the  experiment.  An 
electrically  heated  operating  table  was  used. 

When  all  was  in  readiness  an  observer,  who  had  no  other  duty,  began 
to  count  the  drops  of  bile  as  they  fell  from  the  end  of  the  camiula  tied 
in  the  common  duct.  All  counts  were  made  for  an  arbitrary  period  of 
twenty  minutes.  The  first  count  was  made  before  any  agent  was  in- 
jected.   When  this  initial  count  was  finished  the  gland  substance  to  be 
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studied  was  injected  per  jugular.  In  every  caee,  except  the  experi- 
ments with  adrenalin,  a  dose  of  10  mgm.  of  the  gland  fiubstance  per 
kilogram  of  body  we^ht  of  the  animal  was  dissolved  in  100  cc.  of  physi- 
ologica]  saline  solution,  warmed  to  37°C.  on  a  water  bath,  and  injected 
by  means  of  a  burette.  The  counting  of  the  dropB  of  bile  waa  continued 
for  s  second  twenty-minute  period  beginning  at  the  moment  the  injec- 
tion of  the  gland  substance  started.  In  most  instances  another  twenty- 
minute  count  was  made,  giving  an  initial  count  with  which  comparison 
could  be  made  and  one  or  two  counts  aft«r  the  gland  substance  had  been 
administered. 

No  attempt  was  made  to  analyse  the  bile  at  any  time  during  the 
course  of  any  experiment  so  that  we  are  unable  to  speak  with  r^ard  to 
qualitative  changes  that  may  have  resulted.  The  number  of  drops  of 
bile  secreted  in  each  period  may  be  regarded  aa  indicative  of  the  activity 
of  the  liver  cells  bo  far  as  bile  production  is  concerned  during  that  par- 
ticular time  and  it  waa  to  this  that  our  inquiry  waa  directed. 

The  results  of  all  the  experiments  have  been  arranged  in  groups,  each 
group  comprising  the  determinations  made  with  one  gland  substance, 
and  these  are  presented  in  the  accompanying  tables. 

Adrenalin  (table  1)  produced  a  decrease  during  the  first  twenty  min- 
utes in  eveiy  case.  There  were  three  occasions  on  which  it  waa  possible 
to  make  a  second  count  after  the  injection  and  in  two  of  these  the  num- 
ber of  drops  of  bile  secreted  waa  still  less  than  during  the  period  of  the 
initial  count. 

E^t  determinationa  were  made  with  mammary  gland  substance 
(table  2) ;  five  showed  a  decrease  from  the  initial  count  during  the  first 
twenty-minute  period,  two  an  increase  and  one  no  change.  Where  a 
second  count  was  made  after  the  injection,  which  was  done  in  seven 
of  the  experiments,  no  definite  trend  was  observable.  It  would  seem 
that  the  effect  of  mammary  gland  substance  on  the  secretion  of  bile  is 
a  temporary  decrease. 

Orchic  substance  (table  3)  caused  a  lessened  secretion  of  bile  during 
the  first  twenty  minutes  after  the  injection  in  five  out  of  seven  experi- 
ments; in  four  of  the  five  the  effect  waa  progresuve,  a  further  decrease 
occurring  in  the  second  twenty  minutes. 

In  the  five  tests  made  with  ovarian  substance  (table  4)  there  waa  a 
decrease  in  every  instance,  averaging  44.59  per  cent  in  the  first  twenty 
minutes,  and  59.36  per  cent  in  the  second  twenty  minutes. 

Pancreas  (table  5)  was  injected  into  nine  dogs  and  the  count  of  the 
drops  of  bile  during  the  succeeding  twenty  minutes  revealed  a  decrease 
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Adrenalin.    Dose:  0.1  ce.  oj  a  /:  1,000  toluUon  adrenalin  ehloriiU  per  kilogram  of 
body  weight 


ItTCOrNTAF- 

riBOKTAOt 

drop. 

irop. 

tfrop. 

7  (cat) 

10 

4 

-60,00 

5 

-50.00 

13 

140 

49 

-65.00 

No  count 

27 

9 

8 

-11.11 

13 

+44.44 

47 

16 

12 

-25.00 

9 

-43.73 

60 

13 

10 

-23.07 

No  count 

TABLE  i 

Mammary  tubstatKe.    Dote:  10  mgm.  per  kilogram  of  body  teeighl 


In  COCTHT  tr- 

riB«>rr>.aB 

!HDcotmT»rT«ii 

FERCmAllB 

IMJimoH 

*»p. 

J»I» 

dropi 

8 

3 

2 

-33.33 

2 

-  33,33 

11 

46 

23 

-50.00 

No  count 

16 

18 

.5 

-72,22 

2 

-  88.88 

25 

5 

5 

00.00 

15 

+200,00 

34  (cat) 

6 

7 

+  16-66 

10 

+  66.66 

46 

15 

12 

-20-00 

22 

+  46.66 

49  (cat) 

10 

15 

+50.00 

14 

+  40.00 

57 

22 

13 

-40,90 

6 

-  77.27 

TABLES 

Orehie  tubtlance.    Dote:  10  mgm,  'per  kilogram  of  body  veigftl 


svuaKM 

tmniL  oonHT 

IV.T^^I^. 

■rr>CT 

""".t^^iT" 

■rracT 

iropt 

irop. 

imp. 

4 

84 

45 

-46,42 

23 

-72,61 

18 

31 

3 

-90,32 

35 

+12,90 

19 

134 

15 

-88,80 

9 

-93,20 

41 

35 

12 

-65.71 

4 

-88,57 

42 

0 

8 

-11.11 

4 

-55,55 

55 

12 

25 

+  108,33 

No  count 

62 

25 

35 

+40,00 

No  count 
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TABLE  4 
Ovarian  tubstoTice.     Dose:  10  mgm.  ■per  kilogram  of  body  weight 


IBTCODKTAT- 

nacmmtam 

toDCOD»T*rT« 

"'"" 

TIBIHjacnOH 

■FFICT 

iNJienou 

tnmcT 

irop. 

ifvp. 

<(n>i>* 

5 

19 

18 

-5.26 

10 

-47.36 

20 

35 

8 

-77.14 

4 

-88.57 

43 

4 

1 

-75,00 

3 

-25.00 

56 

30 

27 

-10.00 

15 

-50.00 

59 

9 

4 

-55.55 

1 

-88.88 

TABLES 

Panerealie  su&atance.    Doae:  SO  mgm.  per  kilogram  oj  body  letifht 


■zprnuiniiT 

.....CO.., 

IWCODMTiJ- 

P.BCBHTAa. 

iNDCODHT  Arm 

MBOKTAOl 

■"""■ 

BITBCt 

■iracT 

dnp. 

<froi» 

intn 

1 

16 

3 

-81.25 

3 

-81.25 

14 

89 

60 

-32.68 

42 

-52,80 

22 

35 

15 

-57.11 

No  count 

23 

121 

108 

-10.74 

73 

-39.66 

30 

3 

2 

-33,33 

2 

-33.33 

38 

42 

22 

-47.81 

25 

-40.47 

48 

8 

3 

-62.50 

3 

-62,50 

50 

25 

17 

-32.00 

25 

00.00 

52 

25 

12 

-52.00 

No  count 

8»er«tin.    Dote:  10  mgm.  oj  a  dritd  acid  extract  per  kilogram  of  body  teeigkt 


BXPBUHBKT 

.™.».„ 

^,'^'ii^rn 

■FTKIT 

»—""-" 

"StlSr"' 

dr«p* 

<ln>p. 

ir«p4 

9 

31 

35 

•1-12.90 

36 

+16.12 

10 

1 

6 

+500.00 

4 

+300  00 

15 

2 

6 

+200.00 

36 

+1700.00 

26 

1 

6 

+500.00 

1 

00,00 

35 

36 

64 

+77.77 

65 

+52.77 

36 

4 

18 

+350,00 

No  count 

54 

2 

3 

+50,00 

No  count 
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TABLET 
Splenic  tubtUmee.    Dote:  10  mgm.  per  kilogram  of  body  v>eight 


torTOOira«- 

PIUIHTtn 

me«)vi.aB 

it,*.i 

mwrmcw 

4r»f 

#roi» 

i^^ 

2 

19S 

198 

00.00 

207 

+4.54 

21 

89 

45 

-49.43 

30 

-6«.2» 

M 

4 

8 

+100.00 

6 

+50.00 

31 

307 

205 

-0.96 

No  count 

44 

36 

10 

-47.22 

SO 

-44.44 

45 

6 

7 

+16.66 

6 

00.00 

61 

37 

18 

-51.35 

7 

-81.08 

TABLE  8 

Thymic  siAttanee.    Dote:  10  mgn.  per  kitotram  «/  body  tueight 


onrui-cotiiiT 

incomn^ 

IMDOODHTUTM 

ntcnauam 

NUHBBB 

■ITKT 

wrtwst 

inv 

ir«v 

ir>9* 

3 

65 

IS 

-67,27 

61 

+10.90 

2ft  (cat) 

42 

38 

-9.52 

No  count 

32 

37 

17 

-54,06 

13 

-64.86 

39 

45 

17 

-62,22 

31 

-31.11 

S3 

31 

7 

-77.41 

2 

-93.54 

TABLES 

Tft^oid  lubslance.    Hok:  10  mgm.  per  kilogram  of  body  weight 


InrotrnTiw- 

riacimoi 

mcou^Anu 

IMI»J»0P1(.N 

UTKT 

iKjicnoi. 

■Frsra 

<»tu 

dref 

ir<V 

6 

8 

10 

+26.00 

6 

-25.00 

12 

24 

13 

-45,83 

17 

-29-16 

17 

20 

11       • 

-45,00 

9 

-55.00 

28 

3 

10 

+233.33 

6 

+100.00 

33 

6 

5 

-16.66 

3 

-50.00 

37 

17 

15 

-11.76 

16 

-  5.88 

40 

9 

12 

+33.33 

8 

-11.11 

51 

16 

22 

+37.50 

No  count 

58 

8 

4 

-50.00 

No  count 
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in  all.  The  average  decrease  was  45.45  per  cent.  A  further  count  was 
made  in  seven  of  these  experiments  and  showed  the  effect  to  be  main- 
tained  in  all  but  one.  The  average  decrease  for  this  period  below  the 
initial  coimt  was  44.28  per  cent. 

In  the  seven  cases  in  which  secretin  (table  6)  was  administered  intra- 
venously there  was  a  marked  augmentation  in  the  amount  of  bile  se- 
creted. This  increase  averaged  241.52  per  cent.  A  subsequent  coimt 
was  made  on  five  occasions  and  in  four  of  these  the  output  of  bile  was 
still  above  the  original  level.  Experiment  15  of  this  group  is  particu- 
larly  striking;  during  the  second  period  after  the  injection  the  amount 
of  bile  formed  was  six  times  as  great  as  that  durii^  the  first  period  and 
eighteen  times  that  produced  in  the  twenty  minutes  immediately  pre- 
ceding the  giving  of  the  secretin.  The  effect  of  secretin  on  this  group 
of  d(^  is  further  confirmation  of  the  results  reported  by  Bayliss  and 
StarUng  (2). 

Splenic  substance  (table  7)  was  administered  to  seven  animals  and 
failed  to  exhibit  any  constant  effect. 

Thymus  gland  substance  (table  8)  uniformly  brought  about  a  decrease 
in  the  quantity  of  the  biliary  secretion  during  the  first  period  after  it 
was  injected.  This  effect  was  still  evident  in  three  out  of  four  experi- 
ments in  which  a  second  count  after  injection  was  made. 

Intravenous  injection  of  the  substance  of  the  thyroid  gland  (table  9), 
like  splenic  substance,  was  without  constant  effect. 

A  review  of  the  literature  has  failed  to  reveal  the  report  of  any  defi- 
nite experiments  with  regard  to  the  infiuence  of  the  internal  secretions 
on  the  amount  of  bile  secreted.  In  a  study  of  bile  pipnent  metabolism 
Hooper  and  Whipple  (3)  state  that  in  two  groups  of  dogs,  the  members 
of  one  group  having  undergone  splenectomy  and  those  of  the  other 
group  serving  as  controls,  the  quantity  of  bile  pigment  and  of  bile  pro- 
duced was  identical.  This  result  is  in  accord  with  our  finding  that 
splenic  substance  intravenously  did  not  alter  definitely  the  output  of 
bile. 

CONCLDBIONS 

1.  The  amount  of  bile  secreted  is  increased  by  secretin. 

2.  The  amount  of  bile  secreted  is  decreased  by  adrenalin  and  by  mam- 
mary, orchic,  ovarian,  pancreatic  and  thymic  gland  substances. 

3.  The  amount  of  bile  secreted  is  not  affected  in  a  constant  or  definite 
manner  by  the  substance  of  the  spleen  and  thyroid  gland. 
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That  brewers'  yeast  posaessee  food  properties  wsa  demonstrated  long 
ago.  However  it  was  not  until  the  stress  of  war  seriously  reduced  the 
available  food  supply  of  the  world  that  the  attention  of  scientists  was 
directed  to  the  yeast  plant  as  a  possible  source  of  food  protein.  The 
Germans  were  the  first  to  make  a  comprehensive  study  of  its  nutritive 
possibilities.  Such  investigators  as  Rubner  (1),  Schottelius  (2),  Wmta 
(3),  Winckel  (4),  Fuchs  (5),  Kellner  (6)  and  Vflltz  (7)  testify  to  the  die- 
tetic importance  of  brewers'  yeast,  whereas  Schrumpf  (8)  and  others  do 
not  think  it  possesses  much  value  as  a  food.  Fendler  and  Borinski  (9) 
are  inclined  to  lay  the  difference  in  opinion  of  the  above  experimenters 
to  the  fact  that  the  brewers'  yeast  is  so  variable  in  composition  as  to 
render  impossible  the  comparison  of  data  obtained  from  the  use  of  yeast 
from  different  sources. 

That  the  protein  of  yeast  constitutes  a  suitable  food  for  man  is  borne 
out  by  the  investigation  of  its  hydrolysis  products  (10).  Such  impor- 
tant amino  acids  as  the  following  have  been  shown  to  be  present:  gly- 
cocoll,  alanine,  valine,  leucine,  phenylalanine,  tyrosine,  proline,  aspartic 
acid,  glutamic  acid,  tryptophan,  lysine,  arginine  and  histidine. 

The  yeast  used  by  us  in  our  studies  possessed  the  following  composi- 
tion calculated  on  a  water-free  basis. 

Protein 52.41 

Fat 1 .  72 

Carbohydrate 37. 13 

Ash 8.74 

Tbe  composition  of  the  ash  was  as  follows: 

'  The  expense  of  this  investigation  was  defrayed  in  part  by  a  grant  from  Mrs. 
M.  H.  Henderson. 
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PhosphoruB  (PiO.) 54.5 

Silicon  {SiO,) 1.2 

Calcium  (CaO) 1.4 

Magneaiura  (MgOJ 6,2 

Sulphur  (SO,) 0.5 

Potassium  (KjO) 36. 5 

Sodium  (Na,0) 0.7 

Chlorine trace 

Iron. trace 

It  is  apparent  therefore  that  this  dried  yeast  has  at  least  three  times 
the  calorific  value  of  beef  of  moderate  fat  content  (II).  That  dried 
yeast  is  readily  digested  and  utilized  by  the  animal  organism  has  been 
shown  by  Rubner  (12),  Fuchs  (13),  Kellner  (14)  and  others.  According 
to  Voltz  (15)  yeast  is  one  of  the  most  d^estible  of  feeding  stuffs  and 
possesses  excellent  dietetic  properties. 

So  far  as  metabolism  experiments  are  concerned  very  few  are  on  rec- 
ord. The  most  comprehensive  of  these  was  carried  out  by  Funk,  Lyle 
and  McCaskey  (16),  The  most  important  remaining  ones  were  re- 
ported by  Prausnitz  and  Menicanti  (17)  and  Thomas  (18),  Funk  and 
associates  experimented  upon  four  men  who  were  fed  a  diet  in  which 
yeast'  was  the  sole  source  of  protein.  They  report  that  "a  large  part 
of  the  yeast  nitrogen  apparently  has  no  food  value"  and  that  "it  is 
badly  assimilated"  but  conclude  with  the  statement,  "in  the  field  of 
nutrition  research  our  studies  have  by  no  means  enabled  us  to  pronounce 
a  verdict  that  yeast  possesses  no  value  in  dietetics." 

In  our  own  experiments  which  we  report  on  the  following  pages,  w© 
studied  the  metabolism  of  six  men  and  found  that  four  of  the  six  showed 
an  improved  nitrogen  balance  when  fed  the  yeast  diet.  Moreover  when 
all  of  our  data  on  the  six  subjects  were  reviewed  we  found  that  the  yeast 
diet  bad  produced  an  average  daily  gain  of  about  0.4  gram  of  nitrogen 
per  man,  above  that  noted  before  yeast  was  fed.  The  only  interpreta- 
tion is  that  these  men  found  yeast  a  satisfactory  article  of  diet.  It 
seems  to  us  that  there  are  several  factors  which  serve  to  explain  the  dia- 
metrically opposed  conclusions  of  Funk  and  ourselves.  In  the  first 
place  in  our  tests  we  fed  the  same  amount  of  nitrogen  per  day  through- 
out the  normal  periods  and  yeast  periods,  whereas  the  amount  of  nitro- 
gen fed  by  Funk  during  the  normal  periods  was  always  much  higher  than 
that  fed  during  the  yeast  [>eriod.  In  the  second  place,  FunJt  used  yeast 
as  the  sole  source  of  protein,  whereas  we  substituted  a  certain  amount 

'  Obtained  from  American  Pure  Yeast  Company  of  New  York. 
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(9  per  cent  to  29  per  cent)  of  the  nitrogen  of  the  normal  diet  by  yeast 
nitrogen.  In  the  third  place,  we  used  three  types  of  diet  while  only  one 
type  was  used  in  the  other  investigation.  In  the  fourth  place,  Funk 
states  that  "the  bad  utilization  of  yeast  may  be  partially  due  to  the 
fact  that  the  yeast  had  a  disagreeable  taste  and  was  unpleasant  to  eat 
for  any  length  of  time."  We  avoided  this  feature  by  incorporating  our 
yeast  in  wheat  biscuits  and  in  this  way  produced  an  yeast-wheat  combi- 
nation which  had  a  moat  agreeable  flavor.  In  fact  the  biscuits  tasted 
better  with  the  yeast  than  without  it.  And  in  the  fifth  place  the  kind 
of  yeast  used  in  the  two  studies  was  not  the  same,  since  Funk  used  a 
product  furnished  by  the  American  Pure  Yeast  Company  whereas  we 
employed  the  ordinary  bakers'  yeast  of  commerce  (Fleischmann) .  We 
feel  that  the  divergence  in  the  reports  of  Funk  and  ourselves  was  brought 
about  by  the  influence  of  one  or  more  of  the  above  five  factors. 


Approximale  amounts  of  nitrogen  ingested  in  the  form  of  yea»t  (expressed  a 
cenlages  of  ingested  nitrogen) 


EXFIMHBKT 

1 

I 

3 

Subject 

F. 

27 

Sm. 
29 

H. 
12 

Sr. 
9 

G. 

18 

Preliminary  baking  tests.  Before  starting  the  experiments  planned  to 
study  the  influence  of  yeast  uj>on  the  nutrition  of  man,  it  was  necessary 
to  make  some  preliminary  baking  tests  in  order  to  determine  the  influ- 
ence  upon  the  taste  and  physical  characteristics  of  the  loaf  brought 
about  by  adding  dried  yeast  to  the  flour  used  in  bread  making.  These 
tests  demonstrated  that  we  could  replace  as  high  as  20  per  cent  of  the 
flour  by  dry  yeast  and  produce  a  loaf  excellent  in  every  way  and  pos- 
sessed of  an  attractive  flavor.  This  is  equivalent  to  the  replacement  of 
50  per  cent  of  the  protein  of  the  flour. 

In  the  various  tests  on  men,  from  9  per  cent  to  29  per  cent  of  the 
nitrogen  of  the  daily  diet  w^  replaced  by  this  dried  yeast  (see  table  1). 
The  yeast  was  dried  at  lOS^C.  in  a  current  of  air  and  then  put  through 
proper  milhng  processes  to  produce  an  yeast  flour  of  the  approximate 
fineness  of  ordinary  wheat  flour.  The  yeast  flour  mixed  readily  with 
the  wheat  flour,  making  a  good  homogeneous  preparation.  Excellent 
biscuits  were  prepared  from  this  wheat-yeast  flour. 


oy  Google 


202  p.  B.  HAWK,  C.   A.  SMITH  AND  R,   C.   HOLDER 

We  also  made  some  testa  upon  the  addition  of  yeast  to  meat  prepant- 
tions.  In  this  connection  we  found  that  we  could  replace  25  per  cent 
of  the  meat  protein  by  yeast  protein  and  have  a  nutritiousand  palatable 
mixture. 

Experimental  plan.  The  investigation  was  divided  into  three  sepa- 
rate experiments,  in  each  of  which  a  study  was  made  of  the  metabolism 
of  two  men.  Each  of  these  three  experiments  was  again  subdivided 
into  from  two  to  four  individual  experimental  periods.  In  other  words, 
a  total  of  six  different  subjects  was  used  in  the  three  experiments  and  a 
total  of  eighteen  penods  was  studied,  the  periods  with  two  exceptions 
being  seven  days  in  length.  All  of  the  subjects  were  good  reliable  men 
who  were  thoroughly  interested  in  both  the  scientific  and  practical 
aspects  of  the  investigation. 

In  the  first  two  periods  of  the  first  experiment,  the  men  were  fed  a 
high  protein  defective  diet.  That  is,  they  were  given  plenty  of  protein 
in  the  form  of  meat,  wheat,  etc.  but  the  diet  was  not  a  complete  diet 
from  a  strict  nutrition  viewpoint  because  it  was  lacking  in  the  indis- 
pensable water-soluble  mtamine,  which  is  present  in  yeast  and  certain 
other  foods.  In  the  third  period,  the  diet  was  supplemented  by  a  small 
amount  of  yeast,  (0.2  gram  of  yeaat  nitrogen)  in  order  to  add  the  essen- 
tial vitamine  just  mentioned,  and  in  the  fourth  period,  a  considerable 
part  {27  per  cent  to  29  per  cent)  of  the  protein  of  the  diet  was  replaced 
by  yeast  protein.  In  this  period  each  subject  received  8.43  grams  of 
yeast  nitrogen  per  day. 

By  the  above  procedure,  the  third  period  enabled  us  to  study  the 
value  of  the  yeast  vitamine  when  added  in  small  amount  to  a  defective 
diet,  whereas  period  four  enabled  us  to  compare  the  digestibility  or  so- 
called  "utiUzation"  of  yeast  protein  with  the  digestibility  or  "utiliza- 
tion" of  proteins  such  as  those  of  meat  and  wheat,  which  are  customarily 
included  in  the  diet  of  man. 

The  diet  as  fed  consisted  of  meat,  wheat  biscuits,  jelly,  margarine, 
potato  chips,  crisco,  com  starch,  agar  agar  and  water. 

The  actual  cooking  of  the  food  was  carried  out  by  the  head  dietitian 
of  Jefferson  Hospital,'  and  accurately  weighed  amounts  were  fed  to 
each  man.  Samples  of  alt  foods  served  were  taken  for  chemical  analy- 
sis and  the  analyses  were  always  made  in  duplicate  and  when  it  was 
deemed  necessary  tripUcate  determinations  were  carried  out.  The  urine 
was  analyzed  in  twenty-four-hour  periods.    The  feces  were  collected  in 

»  We  are  under  obligation  to  Mias  Gladwin  for  her  aid  in  this  connection. 
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thymolized  receptables  and  frozen.  Samples  representing  the  indi- 
vidual periods  were  analyzed. 

The  second  experiment  was  planned  to  study  the  effect  of  yeast  when 
added  to  a  low  protein  defective  diet.  The  diet  was  defective  in  that  the 
"watep-eoluble  vitamine"  present  in  yeast  and  certain  other  foods  was 
not  included  in  sufficient  amount. 

The  periods  of  "small"  and  "large"  yeast  addition  were  similar  to 
those  of  the  first  yeast  experiment.  Here,  however,  only  from  9  per 
cent  to  12  per  cent  of  the  ingested  nitrogen  was  in  the  form  of  yeast 
nitrogen.  The  urine  and  feces  were  collected  and  analyzed  as  already 
explained. 

In  the  third  experiment,  the  subjects  were  fed  a  normal  complete  diet^ 
i.e.,  a  diet  which  contained  satisfactory  protein,  fat,  carbohydrates, 
enei^y,  inorganic  salts  and  vitamines.  The  water-soluble  vitiunine 
was  furnished  by  the  use  of  milk,  a  food  not  included  in  the  diet  of  the 
subjects  of  the  first  and  second  experiments. 

In  the  period  of  large  yeast  ingestion  in  this  test  from  18  per  cent 
to  22  per  cent  of  the  protein  of  the  diet  was  replaced  by  the  yeast 
protein. 

For  data  regarding  the  nitrogen  content  of  food,  feces  and  urine  of  the 
three  experiments,  see  table  2. 

Discussion  of  the  first  experiment.  In  this  experiment  subjects  "F" 
and  "Sm"  were  employed.  It  being  our  desire  to  study  the  effect  of 
yeast  when  added  to  and  substituted  in  a  high  protein  defective  diet, 
we  started  the  men  on  a  diet  containing  over  16  grams  of  nitr<^en  per 
day  (see  table  2).  This  diet  was  so  far  in  excess  of  the  nutritional  needs 
of  the  men  that  there  was  a  daily  gain  of  over  3  grams  of  nitrogen  to  the 
body.  For  this  reason  we  ran  an  extra  period  in  which  the  diet  was  cut 
to  about  14  grams  of  nitrogen  per  day.  The  ingestion  of  this  diet 
showed  a  daily  gain  of  only  1.04  gram  for  "F"  and  one  of  1.96  gram 
for  "Sm." 

With  the  above  nitrogen  balances  as  a  basis  we  added  a  small  amount 
of  yeast  to  the  diet.  Each  subject  received  only  0.24  gram  of  yeast 
nitrogen  in  a  total  daily  nitrogen  intake  of  about  14  grams.  On  this 
diet  "F"  gained  1.79  gram  of  nitrogen  per  day  whereas  "Sm"  showed  a 
daily  gain  of  1.67  gram. 

In  the  final  period  of  the  experiment  a  considerable  part  of  the  protein 
of  the  diet  was  made  up  of  yeast  protein.  The  specially  baked  yeast 
biscuits,  already  mentioned,  were  used  and  from  27  per  cent  to  29  per 
cent  of  the  ingested  nitrogen  was  in  the  form  of  the  nitrogen  of  yeast. 
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In  the  case  of  "F"  there  wag  a  gain  of  2.44  grams  of  nitrogen  per  day, 
as  compared  with  a  gain  of  only  1.04  gram  during  the  period  when  no 
yeast  was  included  in  the  diet  (aee  table  2).  In  other  words,  when  the 
nitrt^n  of  the  wheat  and  meat  of  the  diet  was  substituted  to  the  extent 
of  27  per  cent  by  the  nitrogen  of  yeast,  the  body  was  better  nourished 
as  shown  by  the  gain  of  2.44  grams  of  nitrogen  per  day.  This  more 
desirable  condition  was  brought  about  in  the  case  of  "F"  in  spite  of  the 
fact  that  the  yeast  was  given  in  such  large  amount  as  to  produce  a  mild 
diarrhea.  The  stools  were  very  soft  and  the  daily  output  of  fecal 
matt«r  was  increased  to  992.1  grams  from  a  value  of  only  637.6  grams 
for  the  period  dining  which  no  yeast  was  eaten.  Ttus  experiment  thus 
funiished  a  very  nice  illustration  of  the  laxative  action  of  bakers'  yeast, 
an  action  which  we  had  previously  demonstrated  upon  invalids  (19). 

Subject  "Sm"  showed  a  more  pronounced  diarrhea  than  did  "F" 
and  his  nitrogen  balance  showed  a  daily  gain  of  1.53  gram.  There  is  no 
question  but  what  both  of  these  subjects  would  have  shown  h^her 
gains  of  nitrogen  had  not  the  laxative  action  of  the  yeast  produced  an 
excessive  output  of  soft  feces.  That  the  utilization  values  and  the  fig> 
ures  in  the  nitn^n  balance  sheet  do  not  necessarily  run  parallel  is 
brought  out  nicely  in  the  experiment  on  "F,"  as  shown  in  table  3.  In 
the  first  period  when  no  yeast  was  included  in  the  diet  87.9  per  cent  of  the 
nitrogen  of  his  food  was  absorbed  from  the  bowel  and  1.04  gram  re- 
tained by  the  body.  When  a  small  amount  of  yeast  was  added  to  the 
diet  he  utilized  more  of  the  food  nitrogen  (90.7  per  cent)  and  also  re- 
tained  more  (1-79  gram).  But  the  most  remarkable  demonstration  came 
in  the  period  in  which  a  large  amount  of  yeast  was  eaten.  Here  only 
86.2  per  cent  of  the  food  nitrogen  was  absorbed  from  the  bowel  but  the 
significant  fact  is  thai  £-44  grama  of  it  uxu  retained. 

The  food  eaten  by  "F"  during  the  second  "no  yeast"  period  contained 
72.7  grams  of  nitrogen  (table  2).  Of  this  amount  8.8  grams  were  lost 
in  the  feces,  leaving  63.9  grams  as  absorbed.  Of  this  63.9  grams  only 
S.2  grams  were  retained  in  the  body.  In  contrast  to  this  condition  we 
find  that  17.1  grams  out  of  total  absorption  of  91.52  grams  were  re- 
tained during  the  "lai^e  yeast"  period.  By  calculating  on  the  basis 
of  the  available  data  just  cited,  it  will  be  found  that  8.1  per  cent  of  the 
nitrogen  which  was  absorbed  from  the  intestine  in  the  "no  yeast" 
period  was  retained  in  the  body  of  "  F"  whereas  18.6  per  cent  of  the  ab- 
sorbed nitrogen  was  retained  when  this  absorbed  nitrogen  was  more 
largely  made  up  of  the  nitrc^n  of  yeast.  It  seems,  therefore,  when  the 
diet  contained  considerable  yeast  nitrogen  that  the  body  made  better 
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use  of  the  food  nitrogen  than  when  no  yeast  was  present.  It  is  apparent 
that  the  yeast  nitn^n  was  more  satisfactory  for  the  uses  of  "F"  than 
was  the  nitrogen  in  the  form  of  meat,  wheat  and  the  other  foods  used. 
The  low  utilization  value  (86.2  per  cent)  for  "F"  during  the  period  of 
high  yeast  ii^estion  was  due,  as  before  stated,  to  the  fact  that  the  yeast 
bad  a  pronounced  laxative  effect. 

Subject  "Sm"  utilized  88.8  per  cent  of  the  nitrogen  of  his  diet  when  no 
yeast  was  present  whereas  the  utilization  value  rose  to  90.3  per  oent 
when  a  little  yeast  was  added  (table  3).    In  the  h^h  yeast  period  which 

TABLE  3 

Sitmrnary  of  nitrogen  balances  and  alHizalionx 


u 

...«, 

,.„„ 

AUOONT 

— 

M 

Sm.  1 

-■{ 
-{ 

G.    ( 

M.{ 

+1.04 

87.9 

+1.96 
88.8 

+0.64 
87.2 

-0.67 

85.7 

-0.37 

86.8 

+0,13 

83,-5 

+  1.79 
90.7 

+1,67 
90.3 

+0.87 
87.9 

-0.64 

85.3 

1 

2 

Daily  balaDce  (grams) 

Utilization  (per  cent) 

+0,58 
84.9 

Utilization  (per  cent) 

8a, 7 

3 

Utilization  (per  cent) 

80.0 

followed  there  was  a  low  utilization  value  (82.3  per  cent)  due  to  the 
laxative  action  of  the  yeast  as  already  noted.  For  example,  872.5  grama 
of  feces  were  passed  during  this  period  as  against  496.4  grams  when  no 
yeast  was  present  in  the  diet.  Of  course  the  bulk  of  this  excess  weight 
was  water,  as  the  stools  were  very  soft.  However,  sufficient  nutritive 
material  was  carried  out  of  the  bowel  in  the  fluid  mass  to  lower  the  utili- 
zation value  appreciably. 

It  is  quite  significant  that  in  spite  of  the  large  loss  of  water  from  the 
body  in  the  soft  feces,  "F"  gained  three  pounds  in  body  weight  on  the 
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yeast  diet  and  "Sm"  gained  one  pound.  Schottelius  (20)  reports  gains 
in  body  weight  by  five  out  of  nine  subjects  after  yeast  ingestion. 

Discuesitm  of  the  second  &cperimerU.  In  this  experiment  we  studied 
the  influence  of  yeast  when  added  to  and  substituted  in  a  low  protein 
defective  diet.  The  men  used  in  these  tests  were  "H"  and  "Sr." 
We  started  "  H"  out  upon  a  diet  containing  only  a  little  over  10  grams 
of  nitrogen  per  day  (see  table  2)  and  notwithstanding  this  very  low  food 
intake  his  body  retained  1.07  gram  of  nitrogen  per  day.  We  then  ran 
an  extra  period  in  which  the  nitrogen  content  of  the  diet  of  "H"  waa 
cut  to  a  little  over  8  grams  per  day. 

On  this  very  low  diet  "H"  gained  0.64  gram  of  nitrogen  per  day 
whereas  "Sr"  lost  0.67  gram  of  nitrogen  per  day  on  a  diet  containing 
10.64  grams  of  nitrt^n. 

When  a  small  amount  of  yeast  was  added  to  the  diet  the  nitrogen 
balance  sheets  (tables  2  and  3}  show  that  "H"  retained  more  nitrogen 
(0.87  gram)  than  when  no  yeast  was  present.  The  nitrogen  retention 
of  the  high  yeast  period  was  about  the  same  (0.58  gram)  as  that  for  the 
period  ID  which  no  yeast  was  eaten. 

Subject  "Sr"  was  losing  nitrogen  (0.67  gram  daily)  at  the  time  the 
small  amount  of  yeast  was  added  to  his  food.  There  was  a  smaller 
loss  of  nitrogen  per  day  (0.64  gram)  after  the  yeast  was  added,  but  the 
difference  was  not  significant.  However,  when  the  diet  was  so  changed 
that  yeast  nitrogen  was  substituted  for  9  per  cent  of  the  nitrogen  of  the 
meat  and  wheat  of  the  diet,  the  balance  very  quickly  shifted  from  a 
negative  to  a  positive  one.  In  other  words,  the  data  show  that  the 
body  U>3t  0.67  gram  of  nitrogen  every  day  for  a  week  when  no  yeast 
was  present  in  the  diet  whereas  there  was  a  daily  gain  of  0.33  gram  of 
nitrogen  for  the  period  in  which  the  large  amount  of  yeast  was  eaten. 

In  the  case  of  "Sr"  the  utilization  values  nm  [>arallel  with  the  nitro- 
gen balances.  In  the  "no  yeast"  and  "small  yeast"  periods  a  little 
over  85  per  cent  of  the  nitrc^n  of  the  diet  was  absorbed  from  the 
bowel  while  86.7  per  cent  of  the  food  nitrogen  was  absorbed  when  9 
per  cent  of  yeast  nitrogen  was  present.  We  thus  see  that  when  the  diet 
had  a  high  yeast  value  that  the  body  of  "Sr"  showed  better  absorption 
from  the  bowel  and  likewise  a  higher  retention  of  nitrogen  by  the  cells 
of  the  body.  It  is  interesting  to  note  that  "  Sr"  was  one  of  the  "  furun- 
culosis"  patients  in  our  therapeutic  tests  (21).  In  the  case  of  "boils" 
the  yeast  produced  a  rapid  and  complete  cure. 

.\lthough  "H"  was  ingesting  less  food  than  "Sr,"  yet  the  percentage 
of  the  food  nitrogen  which  was  in  the  form  of  yeast  nitrogen  was  12 
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per  cent  in  the  high  yeast  period  as  against  9  per  cent  for  "Sr."  The 
utilization  figure  for  this  period  was  84.9  per  cent  as  gainst  87.2  per 
cent  for  the  "  no  yeast"  period  and  87.9  per  cent  for  the  period  of  "small 
yeast"  intake.  The  nitrogen  balance  for  the  "high  yeast"  period  was 
about  the  same  as  that  for  the  "no  yeast"  period. 

The  yeast  ingestion  was  not  sufficiently  high  in  this  experiment  to 
produce  the  laxative  effect  noted  in  the  first  experiment. 

Discussion  of  the  third  experiment.  In  this  experiment  we  studied  the 
influence  of  yeast  when  substituted  for  protein  from  other  sources  in  a 
diet  entirely  complete  and  satisfactory  in  every  way.  Only  two  per- 
iods were  nm  inasmuch  as  the  period  of  "small  yeast"  was  not  necessarj' 
as  the  water-soluble  vitamine  was  already  present  in  the  mDk  of  the 
diet.    The  aubjeets  of  the  experiments  were  "G"  and  "M." 

Subject  "  G"  was  fed  a  diet  containing  about  12  grams  of  nitrogen 
(see  table  2).  On  this  diet  he  showed  a  negative  nitrogen  balance  of 
0.37  gram  per  day  when  no  yeast  was  present  in  the  diet.  In  the  next 
period  18  per  cent  of  the  nitrogen  in  the  form  of  wheat  and  meat  was 
replaced  by  yeast  nitrogen.  A  week  on  this  diet  yielded  a  minus  balance 
of  0.19  gram  per  day.  Apparently  the  yeaat  was  as  satisfactory  for  the 
nutritional  uses  of  this  man  as  was  beef  and  wheat,  notwithstanding  the 
fact  that  the  utihzation  value  of  the  yeast  period  (82.5  per  cent)  was 
lower  than  that  of  the  "no  yeast"  interval. 

The  diet  of  "M"  contained  about  10  grams  of  nitrogen  (see  table  2). 
On  this  diet  he  gained  0.13  gram  of  nitri^n  per  day  and  lost  a  similar 
quantity  (0.14  gram)  when  22  per  cent  of  the  nitrogen  of  this  diet  was 
in  the  form  of  yeast.  There  was  also  a  somewhat  lower  utihzation  value 
(80,0  per  cent)  than  when  no  yeast  was  eaten  (83.5  per  cent).  Inas- 
much as  the  diet  of  subjects  "G"  and  "M"  was  perfectly  complete  from 
the  nutritional  standpoint  without  the  addition  of  yeast  it  is  not  sur- 
prising that  the  yeast  did  not  cause  an  increased  nitrogen  retention. 
No  laxative  action  was  observed  in  the  case  of'  the  subjects  of  this 
experiment, 

COKCLUSIONS 

Bakers'  compressed  yeast  forms  a  very  satisfactory  article  of  diet  for 
man. 

The  yeast  may  be  incorporated  with  meats  such  as  hambut^  steak 
and  yields  a  preparation  of  very  satisfactory  taste. 

If  the  yeast  be  dried  in  a  current  of  air  at  105 "C.  and  pulverized  it  may 
be  substituted  for  20  per  cent  of  the  wheat  flour  used  in  bread  making 
and  yields  a  product  which  is  very  nutritious  and  of  an  attractive  flavor. 
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From  10  to  30  per  cent  of  the  nitrogen  of  an  ordinary  mixed  diet  may 
be  replaced  by  yeast  nitrogen  in  the  form  of  compressed  yeast  without 
detriment  to  the  best  nutritive  interests  of  the  individual. 

We  have  demonstrated  that  the  nitrogen  of  yeast  is  preferred  by  the 
nutritional  mechanism  of  certain  individuals,  to  the  nitrogen  in  the  form 
of  such  staple  foods  as  meat  and  wheat.  In  the  case  of  cert-ain  other 
individuals  no  differentiation  is  possible  between  the  nutritive  value  of 
yeast  and  the  staple  foods  mentioned. 

The  average  individual  may  ingest  yeast  sufficient  to  yield  from  1  to 
2  grams  of  nitrogen  per  day,  without  securing  any  laxative  effect. 
When  as  high  as  4  grams  of  yeast  nitrogen  are  eaten,  a  laxative  effect 
is  generaUy  observed  and  in  some  cases  soft  diarrheal  stools  result. 
This  laxative  action  of  yeast  may  be  put  to  good  use  in  overcoming 
conati[>ation. 

When  we  take  into  consideration  the  experiments  on  all  six  of  the 
men  who  served  as  subjects,  we  find  that  four  of  the  six  found  the  diet 
more  satisfactory  when  yeast  was  included.  In  other  words,  subjects 
"F,"  "H,"  "Sr"  and  "G"  showed  an  improved  balance  when  yeast 
was  present  in  the  diet,  whereas  the  differences  in  the  balances  of  "M" 
are  not  significant  and  the  variation  in  the  balances  of  "Sm"  is  due  to 
the  fact  that  the  subject  was  fed  such  a  lai^  amount  (29  per  cent)  of 
yeast  as  to  cause  the  passage  of  watery  stools. 

When  aJl  of  the  experimental  periods  are  reviewed  we  find  that  the 
average  daily  gain  of  nitrogen  when  no  yeast  was  present  in  the  diet 
was  0.4S  gram,  whereas  this  gain  was  increased  to  0.82  gram  when 
yeast  was  eaten  along  with  other  foods. 

Of  the  six  subjects  who  ate  the  yeast  diet,  four  made  gains  of  from 
J  pound  to  3  pounds  in  body  weight,  in  a  period  of  two  weeks,  while 
the  other  two  men  showed  a  loss. 

The  relation  of  yeast  to  the  growth  of  the  animal  body  will  be  dis- 
cussed in  a  subsequent  paper. 

The  authors  are  grateful  to  Dr.  Olaf  Bergeim  and  to  the  subjects  of 
the  experiment  for  assistance  given  them. 
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Various  experimentfl  (1)  made  in  this  country  and  abroad  have  dem- 
onstrated beyond  question  the  importance  of  so-called  accesaory  food 
substances  or  vitamines  in  the  growth-producing  dietary.  One  of  the 
earliest  of  these  to  be  demonstrated  was  the  vitamines  of  yeast  (2). 
Later  Funk,  Funk  and  MacaUum  and  Osborne  and  Mendel  directed  our 
attention  anew  to  this  important  property  of  yeast.  In  each  instance 
the  above  workers  used  brewers'  yeast. 

In  our  own  experiments,  which  we  herewith  report,  the  ordinary 
household  compressed  yeast  (Fleischmann)  waa  utilized  and  was  demon- 
strated to  have  very  important  growth-promoting  properties. 

DBSCBIPTION 

Experimenial  animals.  Thirty-two  white  rats,  ranging  from  30  to  40 
days  of  age  were  purchased  from  the  white  rat  colony  of  the  Wistar 
Institute-  The  thirty-two  rats  were  included  in  six  litters  and  were 
evenly  divided  as  to  sex,  sixteen  being  males  and  a  like  number  females. 

For  experimental  purposes  we  divided  the  rats  into  four  groups. 
Males  and  females  were  kept  separate.  Our  experiments  therefore  en- 
tailed the  use  of  two  groups  of  males  and  two  groups  of  females.  So 
far  as  possible  care  was  taken  to  include  at  least  one  rat  from  each 
litter  in  each  of  our  four  experimental  groups.  Each  rat  was  given  a 
number  and  was  further  marked  for  easy  identification  by  the  usual 
method  of  slitting  the  ear.  The  body  weight  of  each  animal  was  ac- 
curately determined  upon  a  torsion  balance  at  the  start  of  the  experiment 
and  at  short  intervals  thereafter. 

•  The  expenses  of  this  investiRiitioti  were  defrayed  in  part  by  a  ^raiit  from 
Mrs.  M.  H.  Henderson. 
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Preparation  of  diet.  Four  diets  as  shown  in  table  1  were  fed.  These 
were  "meat  diet,"  "casein  diet,"  "meat  and  yeast  diet,"  and  "caaein 
and  yeast  diet." 

The  meat  used  was  good  "round  steak."  This  was  bought  in  large 
quantity,  the  muscle  separated  and  all  fat  and  connective  tissue  stripped 
carefully  from  the  lean  portion.  Much  time  and  care  were  used  in  fol- 
lowii^  out  the  small  connective  tissue  septi,  so  that  the  final  product 
was  only  the  lean  muscle  part.  This  was  twice  ground  very  fine  in  an 
electric  meat  grinder  and  the  resultant  mass  mixed  by  hand  for  one 
hour  to  insiu^  a  homc^eneous  product.  This  ground  meat  was  then 
dried  by  spreading  it  in  a  thin  layer  over  a  broad  platter  placed  over  an 
electric  plate  set  at  low  heat.  More  rapid  dryir^  was  secured  by  allow- 
ing the  air  current  from  an  electric  fan  to  play  upon  the  thinly  spread 

TABLE  1 
Lial  oj  di'ls  emplogfii  (vat'irs  in  percentagM) 


Dl 

« 

C.-i„ 

CwiD-YnU 

M«*l 

M«l-¥-« 

Meat 

20 
63 
15 
2 

2.79 

20 
03 
15 

2 
5  per  cent  added 

3.17 

20 

63 
15 
2 

2.70 

Starch 

5  per  cent  added 
3  12 

Nitrogen  content  of  diet. 

meat  layer.  When  dry  enough  to  break  up  readily  the  meat  was  placed 
in  a  small  ventilated  electric  oven  and  heated  over  night  at  100°  to 
105''C,  It  was  then  ground  to  a  fine  powder  and  again  mixed  thor- 
oughly. This  dried  meat  powder  was  then  used  in  makii^  up  the 
"meat  diet,"  and  the  "meat  and  yeast  diet." 

In  preparing  the  casein  for  use  in  the  experiments,  conmiercial  casein 
was  soaked  in  a  lai^  volume  of  water  for  twelve  hours  and  then  dis- 
solved by  stirring  in  dilute  sodium  hydroxide.  The  casein  was  precipi- 
tated by  adding  dilute  acetic  acid  very  carefully  and  with  constant 
stirring  until  the  maximum  precipitate  was  obtained.  After  settling, 
the  supernatant  liquid  was  siphoned  oB.  This  process  of  solution  and 
precipitation  was  repeated  three  times.  The  final  casein  precipitate  was 
washed  again  with  water,  followed  by  alcohol  and  ether  in  turn.  The 
casein  was  then  dried,  ground  and  mixed  as  already  described  for  meat, 
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and  the  resultant  casein  powder  was  used  in  making  up  the  "casein 
diet,"  and  "casein  and  yeast  diet." 

The  buUerfat  used  in  the  diets  was  obtained  by  separating  the  melted 
fat  of  unaalted  butter  from  the  sediment  of  curd  and  water.  The  salt 
mixture  (3)  was  prepared  from  chemically  pure  salts  and  had  the  compo- 
sition shown  in  table  2. 

The  dry  materials  for  the  diet  were  mixed  very  thoroughly  in  a  large 
mixing  bowl,  and  melted  butter  was  added  slowly  with  constant  stir- 
ring. The  food  mixture  was  then  sieved  to  break  up  any  lumps  that 
formed  on  the  addition  of  the  butter-fat.    The  mixed  foods,  as  well  as 

TABLE  1 

Salljnilture 


Calcium  carbonate 

Magnesium  carbonate 

Sodium  carbonate 

PotasBium  carbonate 

Phosphoric  acid 

Hydrochloric  acid 

Sulphuric  acid 

Citric  acid 

Ferric  citrate 

Potassium  iodide 

Manganese  sulphate 

Sodium  fluoride 

Potaaaium  aluminium  sulphate 


24.2 

34.2 

141.3 

103.2 

63.4 

9.2 

111.1 

6.34 

0.020 

0.079 

0.24S 

0,0245 

the  individual  dietary  constituents  such  as  meat  and  casein  powders, 
were  kept  in  air-tight  containers  in  a  freezing  tank. 

The  yeast  added  to  the  diet  was  a  per  cent  quantity  by  weight  of 
the  total  diet.  For  example,  5  per  cent  of  dried  yeast  by  weight  was 
incorporated  into  the  mixture  of  dry  substances  (casein  or  meat,  starch 
and  salt^nixture)  before  the  addition  of  the  melted  butter. 

The  diets  as  fed  and  their  nitrogen  contents  are  given  in  table  I. 

ExperimeTUa  on  group  I.  This  group  included  nine  male  rats,  no.  I 
to  9  inclusive.  It  was  planned  to  feed  these  rats  for  a  time  on  a  diet 
which  was  inadequate  for  growth  and  when  the  failure  to  grow  at  the 
normal  rate  had  been  established  to  add  a  little  yeast  to  the  diet  and 
see  if  normal  growth  followed.    The  diet  fed  was  the  "casein  diet" 
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listed  in  table  2.  This  diet  included  20  per  cent  casein,  63  per  cent 
starch,  15  per  cent  butteE  and  2  per  cent  salt  mixture  (see  table  1). 
This  diet  is  not  satisfactory  for  growth  becaiise  it  lacks  "water-soluble 
B." 

The  diet  as  we  fed  it  was  really  an  artificial  milk  so  far  as  food  value 
was  concerned  with  the  exception  that  the  "water-soluble  B"  of  the 
milk  was  not  present. 

TABLES 
Experiments  on  group  I,     Maten,  cage  I,  casrin 


. 

' 

1 

* 

• 

. 

s 

UTTBBHDIIBn 

■ 

• 

•  ' 

• 

3 

» 

.*« 

frUOBT 

February  21 

February  28 

40 
43 
42 

fnmt 

41 
47 
47 

58 
70 
75 

artmt 

31 
31 

29 

2S 
30 
30 

tram 

29 
32 
30 

59        40 
73         46 
70         ' 

JTBUM 

35 
45 

48 

Casein  and  yeast,  March  7,  19IS 

March  11.. 
March  14.. 
March  18, . 
March  21,. 
March  28,. 

April  4 

April  11..., 
April  18..., 


43 

53 

7fl 

31 

35 

32 

7fi 

45 

56 

90 

37 

37 

32t 

72 

46 

57 

98 

41 

40 

t 

82 

49 

Ki 

111) 

45 

4:i 

91 

49 

67 

118 

47 

53 

102 

70 

92 

149 

68 

67 

134 

93 

111 

170 

87 

01 

159 

114 

130 

192 

113 

113 

177 

*  Dead,  March  6,  1918. 

f  Sick. 

t  Dead,  March  IS,  1918. 

S  Chloroformed  March  28,  1918. 

Table  3  contains  the  observations  from  the  animals  in  group  1.  At 
this  stage  in  the  life  cycle  of  the  young  rat,  it  should  about  double  its 
weight  in  an  interval  of  fourteen  days.  However,  none  of  these  rats  in 
any  way  approached  such  gains  in  body  weight.  In  fact,  some  of  them 
showed  an  actual  loss  and  the  maximum  gain  was  one  from  58  grams 
to  75  grams  shown  by  rat  5.  This  was  a  gain  of  less  than  30  per  cent 
whereas  the  normal  gain  should  have  been  about  100  per  cent.  On  the 
other  hand,  rat  4  showed  an  actual  drop  in  body  weight  from  31  grams 
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to  29  grams  and  rat  6  also  dropped  in  body  weight  from  32  gruns  to  30 
grams  in  seven  days. 

After  two  weeks  a  little  yeast  was  added  to  the  diet  and  every  rat 
showed  an  immediate  gain  in  wei^t  as  may  be  seen  by  examining  table 
3.  The  body  we^ht  gains  were  not  very  large  at  first  because  of  the 
pronounced  "nutritional  shock"  which  the  eating  of  the  inadequate 
diet  gave  the  young  rats  in  their  very  early  days.    That  ia,  they  about 


Ei-perimenU  o 

n  group 

TABLE  4 

II.    Malex.  cage  II. 

casein 

and  yeast 

»*T  iroiniiR 

w 

u 

1. 

13 

.. 

,. 

Id 

ijTTi;«  NvaB.. 

1 

1 

2 

3 

> 

• 

g 

..TB 

W,.OHT 

I»I3 

grami 

39 

framt 
38 
59 

81 

tnmt 
57 

83 
190 

fam, 
30 
52 

78 

31 

58 
85 

gnmi 
37 

lU 

grsini 

February  28 

79 

Casein  March  7 

83 

82 
73 

71 
81 

75 
74 
63 
63 
54 

121 
123 
122 
121 
114 

76 
75 
70 
67 

86 
85 
S3 
80 
72 

111 

105 
93 
93 

84 

KB 

March  21 

Casein  and  yeast  March  2 


April  11.. 
April  18.. 
April  25.- 
May  2... 
May  9.... 


SO 

68 

145 

80 

96 

112 

98 

81 

167 

98 

125 

137 

125 

114 

190 

128 

157 

168 

147 

128 

205 

149 

162 

192 

163 

142 

214 

165 

172 

205 

1G8 

152 

223 

173 

181 

210 

doubled  their  weight  in  four  weeks  whereas  other  rats  from  the  same 
litters  when  fed  the  same  diet  in  their  early  days  more  than  doubled 
in  weight  in  two  weeks  (see  table  4).  The  preliminary  "stunting"  of 
the  rats  by  the  defective  diet  wore  off  in  large  part  at  the  end  of  the 
fourth  week  of  the  yeast  diet  and  a  rapid  growth  developed.  Rat  3, 
for  example,  weighed  75  grams  at  the  start  of  the  yeast  diet  and  six 
weeks  later  his  body  weight  had  mounted  to  192  grams,  whereas  rat  5, 
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wbich  weighed  only  30  grama  at  the  Btart  of  the  yeast  diet,  showed  a 
body  weight  of  113  grams  six  weeks  later.  The  growth  curve  of  this 
rat  is  reproduced  in  chart  1. 

In  our  experiments  on  group  I  nearly  all  the  rats  maintained  tbdr 
body  weight  during  the  first  two  weeks  of  the  experiment  Had  they 
been  adult  rate  this  condition  would  have  been  satisfactory.  However, 
they  were  very  younn  rate  and  needed  a  diet  adequate  for  growth  and 
such  a  diet  was  funiished  as  soon  as  we  added  a  httle  yeast  with  ite 
water-solu'ble  vitamine. 

Bxperintenta  on  group  II.  This  group  included  seven  male  rate,  no.  10 
to  16  inclusive.  The  animals  were  given  an  adequate  diet  of  cas^n 
and  yeast  as  listed  in  table  1.  This  diet  was  satisfactory  for  growth 
becauBe  of  the  presence  of  the  yeast  and  every  rat  showed  immediate 
and  pronounced  increases  in  body  weight-  In  fact,  every  rat  doubled 
in  weight  in  two  weeks  and  rat  14,  in  growing  from  31  grams  to  85  grams 
in  two  weeks,  nearly  tripled  its  weight. 

At  the  end  of  the  fourteen  days  the  yeast  was  eliminated  from  the 
diet  and  the  effect  upon  the  nutrition  of  the  animals  was  very  marked. 
Not  only  did  the  very  rapid  growth  cease  but  there  was  an  adual  low  m 
weigfU.  Thus  rat  14  which  had  gained  54  grams  in  two  weeks  while 
eating  a  diet  containing  yeast,  showed  a  loss  of  5  grama  when  he  was  no 
longer  fed  yeast.  The  loss  in  weight  was  very  nicely  shown  in  the  case 
of  rat  11.  This  rat  increased  in  weight  from  38  grams  to  81  grams  dur- 
ing the  two  weeks  of  yeast  feeding  and  decreased  to  54  grams  at  the 
end  of  three  weeks'  feeding  on  a  yeastless  diet.  The  growth  curve  of 
this  animal  is  shown  in  chart  1. 

In  order  to  try  the  influence  of  yeast  at  a  later  stage  in  the  life  of  the 
rats,  a  third  period  was  started  at  this  point  and  the  original  diet  of 
casein  and  yeast  was  again  fed.  The  same  rapid  growth  was  again  in 
evidence  throughout  an  interval  of  six  weeks  in  spite  of  the  fact  that 
the  rate  had  been  "stunted"  by  eating  an  inadequate  diet  for  a  period 
of  three  weeks  just  previously.  In  fact,  some  of  the  rate  showed  a 
weight  well  above  200  grams  at  the  end  of  the  period. 

Experiments  on  group  III.  Nine  female  rate,  no.  17  to  25  inclusive, 
were  employed  in  this  group.  They  were  fed  the  "meat  diet"  listed 
in  table  1.  This  diet  was  the  same  as  the  "  casein  diet  "with  the  excep- 
tion that  round  steak,  dried  and  powdered  was  substituted  for  the 
casein. 

On  this  diet  the  rata  failed  to  show  normal  growth  (4)  although  their 
growth  was  rather  better  than  that  shown  by  rate  from  the  same  litters 
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when  fed  tbo  "caaein  diet."  Rat  24  is  a  notable  exception  (see  table  5). 
■Thia  rat  weighed  53  grams  at  the  time  she  was  placed  on  the  meat  diet 
and  weighed  only  55  grams  over  a  month  later.  Every  rat  showed 
initial  body  weight  gains  of  varying  degree  but  in  all  instances  these 
initial  gains  were  followed  by  ultimate  losses  at  the  end  of  about  a 
month.  In  other  words,  a  diet  containing  good  beef,  butter,  mineral 
matter,  plenty  of  ene^y  and  an  abundance  of  the  important  vitamine 
"fat>-8oIuble  A,"  was  not  adequate  for  the  growth  of  the  rats. 


Chart  I  Chart  2 

However,  the  addition  of  a  little  yeast  made  the  diet  adequate  and 
the  rats  grew  rapidly  as  shown  by  the  tabulated  data  in  table  5.  Rat 
S6,  for  example,  lost  8  grams  in  weight  dtirirtg  the  last  beo  weeks  upon  &e 
meat  diet  and  gained  56  grams  in  the  two  weeks  immediately  foUomng 
simply  through  the  addition  of  a  litUe  yeast.  (See  chart  S.)  Other  gains 
almost  as  spectacular  are  recorded  in  table  5,  all  of  which  further  empha- 
size  the  fact  that  yeast  possesses  imusual  power  to  promote  growth. 

The  case  of  rat  24  is  worthy  of  special  note.  While  on  the  diet  of 
meat  and  yeast  this  rat  contracted  pneumonia.  She  was  isolated  weigh- 
ing 105  grams  and  two  weeks  later  in  spite  of  her  condition  she  weighed 
130  grams. 
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Experiments  on  group  IV.  Seven  female  rate,  no.  26  to  32,  were  used 
in  these  experiments.  They  were  first  fed  a  diet  of  meat  and  yeast  (see 
table  1).  On  this  diet  they  showed  very  satisfactory  growth  as  will  be 
seen  by  examining  the  data  contained  in  table  6. 


TABLES 

E^perimc,, 

(3  on  group  III.     Ffmaks,  cage  III,  meat 

IT                18 

1» 

10 

21 

!S 

M 

H 

15 

».T. 

3 

1918 

»r.mj 

frani 

irami 

enim 

framt 

«raM 

«raiu 

mu 

enmM 

February  21.. 

3S 

54 

51 

31 

31 

36 

42 

53 

46 

February  28.. 

60 

77 

74 

47 

45 

54 

62 

76 

68 

March? 

72 

80 

«.■> 

31 

45 

tifl 

72 

65 

80 

March  14 

75 

83 

89 

49 

35* 

67 

71 

62 

79 

March  18 

75 

86 

90 

48 

t 

65 

71 

61 

78 

March  21 

72 

86 

06 

48 

65 

70 

58 

78 

March  25 

69 

92 

99 

49 

63 

65 

55 

78 

Changed 
March  25, 

Changed  March 

yeast 

90 

97 

37* 

yeast 

April  1 

85 
92 

84 
105 

74 

95 

65 

92 

70 

Changed 
April  1,  meat 
phia  yeast 

Changed 

April  1, 

meat  plus 

yeast 

Aprils 

110 

113 

93 

April  15 

100 

124 

131 

130 

110 

105* 

125 

April  22 

102 

127 

132 

130 

127 

142 

April  29 

105 

134 

138 

132 

132 

130 

147 

When  the  yeast  was  no  longer  fed,  the  rata  lost  weight  as  in  the  previ- 
ous tests.  For  example,  rat  31  grew  from  a  weight  of  45  grams  to  one 
of  117  grams  between  February  21  and  March  18  when  fed  a  yeast 
diet,  whereas  her  weight  decreased  from  117  grams  to  85  grams  between 
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March  18  and  May  6,  when  fed  a  yeastless  diet.    Chart  2  shows  the 
growth  curve  of  this  rat. 


TABLE  ■ 
Experiments  on  grovp  IV.    Female),  cage  IV 

,  me.at 

plus  yeael 

i« 

27 

18 

» 

„ 

a. 

UTT                     ■ 

1 

» 

1 

' 

• 

* 

..r. 

««-. 

im 

36 

57 
40 

t 

55 
82 
108 
122 
126 

gramt 

54 
32 
100 
109 
124 

32 

M 
72 
55S 

06; 

fanu 

29 
51 
67 

as 

73 

famt 

45 

66 
89 
106 

117 

Mftrch  21.. 
March  28. . 
April  4... 
April  11... 
April  18. . . 
April  25. . . 

May  2 

May  6 


Caeein  and  yeast  May  6 


May  9. . . 
May  13.. 
May  16.. 
May  23.. 


14R 

1]3 

OS 

101 

157 

126 

ros 

120 

159 

137 

117 

137 

166 

145 

130 

148 

■  Dead  March  8,  1918. 
t  Dysentery. 
t  Dead. 
S  Sick. 

A  third  period  of  Beventeeo  days  was  used  in  this  experiment.  During 
this  interval  each  rat  was  fed  the  usual  caaeiu-yeast  diet  and  the  cus- 
tomary gains  in  body  weight  were  observed. 
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CONCLUBIONS 

The  addition  of  compreBsed  yeaat  to  a  diet  lacking  the  water-eoluble 
vitamiue  causes  an  immediate  and  pronounced  increase  in  body  weight 
This  increase  is  more  rapid  and  pronounced  when  the  diet  contains 
casein  than  when  the  protein  of  the  diet  is  fumiahed  by  lean  meat. 

Compressed  yeast  may  be  heated  to  105*^.  without  losing  its  growth- 
pnmioting  properties. 

The  authors  are  under  obligation  to  Dr.  Clarence  A.  &nith  for  asajst- 
ance  rendered. 
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The  ioQuence  upon  the  beating  heart  of  a  change  in  the  reaction  of 
the  perfusate  has  been  studied  by  a  number  of  inveetigatora.  Thus 
Gaskell  (1)  reported  in  1880  that  perfusion  with  dilute  alkaU  caused  the 
heart  to  stop  in  systole,  while  the  effect  of  a  weak  acid  was  to  stop  it  in 
diastole.  Mines  (2)  reviewed  the  effect  of  the  hydrogen  ion  concentra- 
tion and  made  a  study  of  its  action  upon  the  various  phases  of  the  heart 
beat.  Jerusalem  and  Starling  (3),  working  upon  the  isolated  heart  of 
the  frog,  found  that  COi  in  an  excess  of  oxygen  bad  au  injurious  effect, 
causing  a  relaxation  which  definitely  diminished  the  ventricular  output. 
These  authors  believed,  however,  that  a  certain  tension  of  C0»  in  the 
blood  was  beneficial  to  activity.  Ketcham,  King  and  Hooker  (4)  found 
that  COj,  2.5  per  cent  in  an  excess  of  oxygen,  depressed  the  activity  of 
the  isolated  terrapin's  heart  and  that  3  per- cent  of  the  same  had  a  sim- 
ilar effect  upon  the  isolated  mammalian  heart.  Mines  (5)  attempted 
to  reconcile  the  apparently  divergent  results  of  Ketcham,  King  and 
Hooker,  and  Jerusalem  and  Starling  upon  the  supposition  that  the 
latter  had  started  with  a  perfusate  which  was  too  alkaline  and  the  bene- 
ficial action  reported  by  them  he  ascribed  to  the  action  of  the  CO* 
in  shghtly  increasing  the  Pb'  value  to  a  level  nearer  the  optimum.  Mines 
showed  that  a  heart  perfused  with  a  Ringer  mixture  of  Ph  =  10.2  was 
greatly  benefited  by  the  addition  of  sufficient  CO*  to  raise  the  Pg  to 
6.9.  However,  if  "neutral  Ringer"  were  used  to  start  with,  any  addi- 
tion of  COi  caused  a  depression  of  activity. 

Clark  (6)  found  that  when  Cd  was  bubbled  through  Ringer  in  a  quan- 
tity sufficient  to  raise  the  Pg  from  S.3  to  6.7,  a  markedly  beneficial  re. 

■  It  may  be  pointed  out  that  Ph  is  simply  the  cologarithm,  i.e.,  the  logarithm 
of  the  reciprocal  of  the  Cb-    Thus  Ch  0.35  X  MP'  -  Pb  745- 
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suit  was  often  obtained  upon  perfusion.  This  he  laid  to  a  specific 
action  of  the  CO:  upon  the  heart  and  not  to  any  increase  in  the  Pg  of 
the  solution. 

Two  features  of  the  work  thus  far  published  upon  the  influence  of  a 
change  of  the  hydrogen  ion  concentration  upon  the  heart  are  to  be 
noted.  In  the  first  place  those  investigators  who  have  expressed  the 
characteristics  of  their  perfusates  in  percentage  COj  have  not  stated  the 
corresponding  Pb  values.  Clark  points  out  that  Ringer's  mixture  con- 
taining NaHCO,  0.01  per  cent  and  NaHiPO*  0.001  per  cent  has  a  P„ 
value  of  8.3,  and  that  addition  of  1  per  cent  COj  will  raise  the  Pa  to 
7.0,  while  the  further  addition  of  1  per  cent  raises  it  to  6.6.  So  that 
the  workers  who  have  not  measured  the  actual  change  in  the  P^  vaJue 
have  probably  dealt  with  acid  solutions  and  the  deleterious  results  ob- 
ser\-ed  were  due  to  the  acidity.  In  the  second  place,  those  who  have 
measured  the  P^  value  of  their  solutions  have  worked  with  differences 
in  Ph  value  far  greater  than  any  which  could  take  place  in  the  blood  even 
in  cases  of  severe  acidosis. 

It  has  seemed  desirable,  therefore,  to  make  a  study  of  the  effect  of 
variations  of  the  Ph  of  the  perfusate  within  substantially  normal  limits. 
To  this  end  a  series  of  experiments  was  carried  out  on  the  heart  of  the 
terrapin. 

EXPERIMENTAL 

The  heart  was  dbclosed  after  removal  of  the  plastron  and  a  cannula 
inserted  in  a  vena  cava.  A  second  cannula  for  outflow  was  inserted  in 
the  aorta.  The  perfusion  pressure  was  regulated  by  Marriott  bottles 
and  manometer  or  by  meanrf  of  a  chimney  cannula  after  Mines.  In 
all  cases  the  pressure  was  kept  as  nearly  constant  as  possible  especially 
during  the  change  from  one  perfusate  to  another  and  at  a  level  just  suf- 
ficient to  cause  dilatation  of  the  auricles  in  diastole  and  yet  permit 
contraction  in  systole. 

Record  was  made  of  the  beat  of  both  auricles  and  the  effect  of  tone 
changes  in  one  chamber  upon  the  record  of  another  was  as  far  as  pos- 
sible avoided.  One  side  of  the  ventricle  was  anchored  and  the  beat 
recorded  by  means  of  a  thread  from  the  other  side.  The  auricular 
beats  were  recorded  by  means  of  a  thread  led  off  from  the  tip  of  each 
chamber.  By  means  of  pulleys  the  three  chambers  were  made  to  re- 
cord their  beats  simultaneously  upon  a  smoked  surface. 

Ilingei's  solution  was  made  up  in  quantities  of  six  to  twelve  liters 
according  to  the  following  formula: 
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NaCl 0.7         NaHCO. 0.02 

KCI 0.25       NftH,PO, 0.001 

CaCl, 0.20       Waterto 100 

Such  a  mixture  was  found  to  have  a  P^  from  7.8  to  8.0.  The  desired 
Pn  was  then  obtained  by  removing  a  portion  to  a  smaller  bottle  and  add- 
ing M/10  HCl  or  M/5  NaHCO*.  The  P„  was  measured  by  adding  five 
drops  of  a  0.01  per  cent  solution  of  phenolaulphooephthalein  to  3  cc.  of 
the  Ringer's  and  comparing  with  standard  tubes.  Within  the  range 
used  in  these  experiments  a  change  of  P„  of  0- 1  could  be  easily  detected. 

The  Pb  of  the  blood  of  the  terrapin  used,  determined  by  the  method 
of  Levy,  Rowntree  and  Marriott  (7),  was  found  to  be  7.4  to  7.5.  This 
was  taken  as  the  normal  for  the  perfusates  and  variatioiis  were  made  to 
both  sides.  In  no  case,  however,  was  a  P,  of  less  than  8.0  or  more  than 
7.1  employed.  The  majority  of  the  experiments  involved  changes  from 
7.3  to  7.6. 

The  results  of  a  series  of  experiments  are  shown  in  the  accompany- 
ing charta  and  figures. 

The  record  in  figure  1  shows,  in  general,  the  results  of  such  changes 
in  the  Ph  of  the  perfusate.  The  upper  record  registers  the  beat  of  the  left 
auricle,  the  middle  that  of  the  right  and  the  lower  that  of  the  ventricle. 
A  solution  of  P^  7.4 — approximately  that  of  the  blood — was  passed 
through  the  heart  for  a  half-hour  and  was  then  replaced  by  one  of  P^  7.3. 
There  followed  at  once  an  increase  in  the  amplitude  of  the  beat  in  all 
chambers.  This  was  most  striking  in  the  right  auricle  where  the  height 
of  the  record  of  beat  increased  from  13  to  18  mm.  in  ten  minutes.  In 
the  ventricle  the  increase  was  not  so  great  but  was  easily  perceptible. 

At  the  arrow  a  perfusate  of  P„  7.5  was  introduced  with  very  charact«r- 
istic  results, — a  falfing  oflf  in  the  amplitude  of  beat  of  all  chambers  and 
a  gradual  increase  in  tonus.  Further  decrease  ia  Pa,  to  7.7  and  7.8  as 
indicated  upon  the  record,  served  to  accentuate  these  re-sults  uniil  in 
the  ventricle  the  amplitude  of  contraction  had  been  reduced  by  a  half 
and  there  was  a  perceptible  increase  in  tonus.  The  auricles  soon  de- 
creased in  size  so  that  their  beats  could  no  longer  be  recorded. 

When  this  condition  had  been  reached  the  P^  was  raised  to  7.3.  The 
tonus,  both  in  the  auricles  and  ventricle,  was  at  once  lowered  and  the 
amplitude  slowly  increased  until,  fifteen  minutes  later,  the  beats  were 
again  strong  and  regular.  At  the  arrow  Ringer  of  the  same  Ph  as  the 
blood  was  again  introduced  with  a  slight  decrease  in  the  amplitude  in  all 
chambers. 
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In  the  experimeDt  from  wbirh  figure  2  was  takeo  a  series  of  relatively 
rapid  changes  of  Pb  was  made.  Perfusion  commenced  at  a  Ph  of  7.4 
and  after  ten  minutes  this  waa  lowered  to  7.6  for  twenty  minutes.  This 
caused  an  increase  in  tonus  and  a  decrease  in  amplitude  as  usual. 
Change  to  Pb  7.3  for  a  half-hour  produced  some  relaxation  but  not  suf- 
ficient to  bring  the  tonus  back  to  the  normal  level.  Upon  lowering  to 
P,  7.4  for  ten  minutes  there  was  some  rise  in  tonus.  Pa  7.6  for  ten  min- 
utes caused  a  sudden  large  rise  which  however  fell  off  sharply  when  a 
perfusate  of  Pb  7.4  was  introduced.  After  ten  minutes  of  this  a  Pb 
of  7.3  caused  some  further  relaxation.  A  change  to  Pg  7.5  caused  a 
slow  but  very  definite  increase  in  tonus  which  was  then  decreased  by  a 
P,  of  7.4. 

Here  the  increase  in  tonus  in  the  auricles  produced  by  the  more  alka- 
line perfusates  was  not  entirely  balanced  by  the  action  of  those  slightly 
more  acid  than  the  blood  so  that  the  tonus  level  at  the  end  of  the  experi- 
ment was  somewhat  higher  than  at .  the  start.  As  in  the  former  ex- 
periments, the  changes  produced  in  the  ventricle  were  smaller  and 
somewhat  more  sluggish  than  those  in  the  auricles. 

These  results  point  clearly  to  the  action  of  slight  alterations  of  Pb 
of  the  fluid  bathing  the  heart  upon  two  important  phases  of  its  activ- 
ity, Dfunely,  tonus  and  amplitude.  There  is  invariably  a  rise  in  tonus 
following  a  decrease  in  the  H-ion  content  of  the  perfusate,  while  a  slight 
increase  in  acidity  causes  a  corresponding  fall  in  the  tonus  level.  There 
is  an  accompanying  effect  upon  the  amplitude  of  contraction  though  by 
no  means  as  regular  nor  as  marked  as  that  upon  the  tonus.  But  in 
general  there  is  an  increase  in  amplitude  with  the  more  acid  perfusates 
and  a  decrease  with  the  more  alkahne.  This  result  may  be  due  not 
entirely  to  the  direct  efifect  of  the  P^  upon  the  contractile  tissue  but 
partly  to  intra-auricular  and  intra-ventricular  tension.  Rate  was  not 
perceptibly  affected. 

It  should  be  noted  that  in  no  case  was  the  perfusate  made  actually 
acid — a  Pn  of  less  than  7,0 — but  merely  somewhat  more  acid  than  the 
blood.  The  injurious  effects  of  an  acid  perfusate  as  observed  by  Mines 
(2)  were  therefore  not  encountered. 

Gaskell  (8)  has  shown  that  when  an  alkaline  perfusate  is  passed 
through  the  blood  vessels  there  is  a  decrease  in  outflow  due  to  an  in- 
crease in  the  vascular  tone.  When  an  acid  solution  is  used  the  opposite 
occurs.  Since  the  heart  has  embryologically  the  same  muscle  layers 
as  the  blood  vessels  and  is  formed  from  a  single  ves.sel,  it  is  not  unrea- 
sonable to  suppose  that  it  might  be  similarly  affected.  And,  indeed, 
this  has  been  shown  to  Ix;  the  case. 
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Gesell  (9)  has  made  a  most  careful  study  of  the  effect  of  tone  changes 
upon  the  cardiac  output  and  finds  that  perfusion  of  the  terrapin's  heart 
with  a  constant  venous  pressure  shows  variations  in  ventricular  output 
resulting  from  chaises  in  auricular  tone.  This  he  attributes  to  actual 
changes  in  the  auricular  output,  which  cause  greater  length  and  ten- 
sion of  the  ventricular  fibers,  thereby  producing  greater  efficiency  of 
ventricular  systole.  He  points  out  that  as  auricular  tone  is  reduced  the 
output  per  beat  increases.    To  quote, 

The  long  muscle  is  more  efficient  than  the  short.  The  volume  of  the  auricle 
increases  as  the  cube,  its  surface  as  the  square  of  the  radius.  Therefore,  the 
greater  the  volume  of  the  auricle  the  greater  will  be  the  volume  change  per  unit 
length  of  shortening  of  auricular  fiber. 

Hence  in  the  experiments  above,  regardless  of  any  increase  in  the 
amphtude  of  contraction,  the  volume  output  of  the  auricles  was  in- 
creased with  the  more  acid  solutions.  As  Gesell  has  also  pointed  out, 
BUch  an  increase  would  produce  a  greater  length  and  tension  of  ven- 
tricular fiber  and  hence  B.  more  efficient  ventricular  systole.  In  some 
instances  this  wouM  amount  to  an  actual  increase  in  the  amplitude  of 
the  ventricular  contraction.  The  amplitude  effects  on  the  ventricle 
in  some  of  the  experiments  mentioned  above  may  be  explained  in  this 
way. 

But  there  was  a  very  definite  tonus  effect  in  the  ventricle  entirely 
independent  of  the  filling  action  of  the  auricular  systole.  In  the  experi- 
ment, the  record  of  which  is  shown  in  figure  3,  A  and  B,  there  was  a  con- 
dition of  reversed  sequence  in  which  the  ventricle  led,  the  sequence 
being  ventricle-right  auricle-left  auricle,  and  both  auricular  systoles 
occurred  during  the  contraction  phase  of  the  ventricular  beat  (see  fig- 
3  A).  The  effect  of  the  auricular  output  upon  the  length  and  tension  of 
ventricular  fiber  was  thus  entirely  eliminated.  But  substantially  the 
same  results  as  regards  tonus  were  observed  as  in  the  cases  where  the 
hearts  were  beating  in  normal  sequence,  i.e.,  an  increase  in  tone  with 
greater  alkalinity  and  a  loss  with  a  decrease  in  alkalinity  below  that  of 
the  blood.  The  ventricular  tonus  may  be  affected,  therefore,  by  altera- 
tions of  the  Ph  of  the  perfusate  independently  of  the  effect  of  such 
changes  upon  the  auricular  output. 

The  effects  of  change  of  P„  upon  the  amplitude  of  contraction  of  the 
ventricle  in  the  case  of  reversed  sequence  were  not  so  marked  as  in 
hearts  beating  with  normal  rhythm.    This  would  seem  to  support  the 
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idea  again  that  an  increase  in  ventricular  amplitude  observed,  may  be 
due  largely  to  the  increased  intra-ventricular  tension  produced  by  aa 
increase  in  auricular  output. 


DISCUSSION 

The  results  of  the  present  study,  as  presented  above,  would  indicate 
that  the  heart  of  the  terrapin  is  sensitive  to  relatively  slight  changes  of 
H-ion  concentration  in  the  surrounding  fluid.  A  decrease  in  acidity 
causes  a  prompt  rise  in  tonus  which  is  more  evident  in  (he  auricles 
but  is  also  present  in  the  ventricle,  and  is  accompanied  by  a  falling  off 
of  the  amplitude.  An  increase  in  acidity  to  a  point  slightly  less  alkaline 
than  the  blood  produces  a  loss  of  tonus  and  an  increase  in  amplitude 
of  contraction  in  all  chambers. 

While  the  effect  of  auricular  tone  upon  canliac  efficiency  has  been 
made  clear  through  the  work  of  Gesell,  the  question  of  the  cause  and 
control  of  such  tone  has  l>wn  the  subject  of  considerable  controversy. 
Fano  (11)  reported  in  1887  that  strips  of  the  turtle's  auricle  normally 
showed  rhythmic  tone  changes.  Botazzi  (12)  separates  the  movements 
of  the  auricular  muscle  of  the  turtle  into  two  kinds  and  ascribes  their 
in<iependence  to  the  structures  of  the  myocardiac  cells.     To  the  sar- 
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coplasm  he  attributes  the  fuDctioo,  in  its  tonic  contractioa,  of  support- 
ing the  anisotropic  substance  in  its  quicker  contractions. 

Botaszi  and  Grtlnbaum  (13)  point  to  the  similarity  existing  between 
auricular  tone  changes  and  the  contractions  of  smooth  muscle.  They 
contend,  nevertheless,  that  tonus  must  be  a  function  of  the  sarcoplasm 
and  that  the  rapid  clonic  contractions  of  the  auricular  muscle  which 
are  superimposed  upon  the  slower  tone  changes  are  due  to  the  aniso- 
tropic substance  of  the  fibrillae.  (Smooth  muscle,  in  their  opinion, 
plays  no  important  rAle  in  the  rhythmic  phenomena). 

Rosenzweig  (14)  reports  a  layer  of  smooth  muscle  directly  beneath 
the  auricular  endothelium  in  the  turtle,  which  he  regards  as  a  continu- 
ation of  the  tunica  media  of  the  great  veins,  becoming  thinner  with  dis- 
tance from  the  mouth  of  the  veins  until  only  isolated  fibers  of  smooth 
muscle  are  demonstrable  in  the  ventricle.  He  attributes  the  tonic  con- 
tractions of  the  auricles  to  this  layer  and  the  more  rapid  contractions 
to  the  cardiac  muscle  proper. 

Botazzi  (15),  (16)  observed  that  vagus  stimidation  produced  rhythmic 
oscillations  of  tone  in  tone-free  auricles.  The  v^us,  therefore,  was  re- 
garded as  positively  tonotropic.  The  sympathetic  on  the  other  hand 
caused  oscillations  to  cease  and  generally  reduced  the  tonus  level. 
This  nerve  therefore  was  regarded  as  negatively  tonotropic.  Ouinuma 
(17)  confirmed  these  observations. 

The  results  of  the  work  presented  above  seem  to  add  one  factor  to  the 
discussion.  It  is  clearly  shown  in  the  preceding  paragraphs  that  the 
ventricle  exhibits  changes  in  tone  in  response  to  chemical  stimulation 
quite  apart  from  any  effect  of  the  auricular  beat  upon  the  filling  of  the 
ventricle.  With  the  data  in  band  it  is  quite  impossible  for  us  to  ac- 
count satisfactorily  for  this  result  either  upon  the  sarcoplasm  theory  of 
Botazzi  or  upon  the  basis  of  the  presence  in  the  ventricle  of  isolated 
fibers  of  smooth  muscle  as  reported  by  Rosenzweig. 

CONCLUSIONS 

1.  Sli^t  alterations  in  the  P^  value  of  the  perfusate  within  substan- 
tially normal  limits,  and  in  all  cases  upon  the  alkaline  side  of  neutraUty 
cause  definite  changes  In  the  activity  of  the  terrapin's  heart. 

2,  A  decrease  in  acidity  to  a  P«  value  of  7.6  to  7.8  causes  marked 
changes  in  two  phases  of  activity.  The  tonus  especially  in  the  auricles 
rises  rapidly  and  the  amplitude  is  decreased. 
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3.  A  Blight  raising  of  the  P^  value  to  7.3  increases  the  cardiac  output 
in  either  or  both  of  two  ways,  i.e.,  by  a  decrease  in  tone  and  hence  an 
increase  in  initial  voliune,  or  by  an  increase  in  the  amplitude  of  beat. 

An  experiment  is  reported  showing  that,  in  the  case  of  a  reversed  se- 
quence, tonus  changes  can  be  produced  in  the  ventricle  quite  inde- 
pendently of  any  changes  in  the  filling  action  of  the  auricular  beat. 

I  wish  to  eiq)res8  my  thanks  to  Dr.  C.  G.  Rc^rs  of  Oberlin  College, 
under  whom  the  study  was  begun,  and  to  Dr.  Charles  D.  Snyder  of  the 
Department  of  Physiology  of  Johns  Hopkins  Medical  School,  for  hia 
kindness  in  allowing  me  space  in  his  laboratory  and  for  many  helpful 
suggestions. 
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Earlier'atudies  of  the  ph3rsioIogica]  condition  of  Planaria  dorotocepkala 
by  the  susceptibility  method  led  to  the  conclusion  that  during  starva- 
tion the  rate  of  oxidation  actually  increases,  so  that  an  animal  reduced 
from  larger  to  smaller  size  by  starvation  is  in  ahnost  the  same  metabolic 
condition  as  indicated  by  susceptibility  to  lethal  concentrations  of  vari- 
ous agents,  as  a  young  fed  animal  of  the  same  size  (1),  (4),  (6,  chap, 
vii).  Between  such  animals,  however,  one  difference  was  found  to 
exist:  the  well-fed  animal  possesses  a  very  much  greater  capacity  than 
the  starved  animal  for  acclimation  to  various  inhibiting  agents  in  low 
coDcentrationfi  and  to  other  injurious  conditions.  When  the  starved 
animal  is  fed  these  differences  disappear  and  its  physiological  condition 
is  indistinguishable,  so  far  as  concerns  susceptibility,  from  that  of  the 
well-fed,  growing  animal  of  about  the  same  size.  Even  a  single  feed- 
ing after  a  period  of  starvation  is  sufficient  to  increase  to  a  considerable 
extent  the  capacity  for  acclimation.  If  susceptibility  relations  are  in 
any  degree  a  measure  of  physiological  condition,  a  period  of  starvation 
with  the  accompanying  reduction  in  size,  followed  by  resimiption 
of  feeding,  brings  about  a  process  of  rejuvenescence. 

In  connection  with  the  earUer  work  a  few  estimations  of  carbon 
dioxide  production  were  made  by  means  of  the  Tashiro  biometer,  ani- 
mals reduced  by  several  months  of  starvation  being  compared  with  well- 
fed  animals  of  the  same  size  (4,  p.  434).  These  estimations  indicated 
that  the  C0»  production  of  the  starved,  reduced  animal  was  about 
equal  to  that  of  the  well-fed,  growing  animal  of  the  same  size  and  much 
greater  than  that  at  the  beginning  of  starvation.  The  biometer  data 
agree  in  general  with  the  susceptibility  data  but  of  course  give  no  clue 
to  the  nature  of  the  changes  concerned  in  the  increase  of  acclimation 
capacity  on  resumption  of  feeding. 
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During  the  last  two  yeare  the  earher  work  has  been  supplemented  by 
comparative  colorimetric  estimationa  of  COi  production,  by  further 
work  with  the  biometer,  by  detennination  of  susceptibility  to  lack  of 
oxygen  in  starved  and  fed  animals  and  by  repetition  and  extension  of 
the  experiments  on  susceptibility  to  chemical  agents.  The  data  on 
CO)  production  are  presented  below. 


The  experiments  are  directly  comparative  in  all  cases:  equal  wei^ts 
of  the  animab  to  be  compared  are  placed  in  equal  volumes  of  water  con- 
taining the  indicator  in  sealed  tubes,  the  change  of  color  with  iocreasing 
acidity  serving  as  a  measure  of  C0|  production. 

Phenolsulphonephthalein,  the  indicator  found  to  be  most  satisfactory, 
is  used  in  a  concentration  of  about  1/150,000  in  water  from  the  same 
source  as  that  in  which  the  stocks  of  worms  are  kept.  Although  the 
object  of  the  experiments  was  the  determination  of  the  differences  in 
COj  production  rather  than  the  actual  amount  of  COi  produced,  the 
experimental  tubes  were  compared  with  the  standard  tubes  prepared 
by  Hynson,  Westcott  &  Dimoing  with  indicator  in  buffer  solutions  of 
different  known  pH,  and  the  pH  recorded. 

That  the  increase  in  hydrogen  ion  concentration  in  the  water  in 
which  the  worms  are  kept  is  due  to  COi  and  not  to  other  acids  is  indi- 
cated by  the  fact  that,  on  standing  or  shaking  with  au-  after  removal  of 
the  worms,  the  original  color  of  the  indicator  returns.  The  substance 
produced  by  the  worms,  which  increased  the  hydrogen  ion  concentration, 
is  therefore  removed  by  this  procedure  and  the  probability  that  the 
animals  secrete  any  other  substance  than  CO]  which  acts  as  an  acid  in 
water  and  can  be  removed  in  this  way  is  negUgible,  and  other  experi- 
ments show  that  they  do  produce  considerable  quantities  of  C0».  The 
concentration  of  the  indicator  is  the  same  in  experimental  and  in  buffer 
solutions.  In  this  concentration,  1/150,000,  and  in  fact  in  much  higher 
concentrations  this  indicator  is  not  appreciably  toxic  to  planarians, 
and  even  in  1/10,000  the  animals  live  indefinitely,  though  it  acts  as  a 
weak  inhibiting  agent.  The  solutions  of  the  buffer  series  differ  by  0.1 
pH,  or  at  the  ends  of  the  series  by  0.2  pH,  but  since  color  differences 
corresponding  to  far  less  than  0.1  pH  are  readily  distinguishable  with  a 
httle  practice  over  those  portions  of  the  rai^  where  the  indicator  is 
most  sensitive,  the  second  decimal  place  is  determined  by  estimation, 
or  in  some  cases  the  sign  +  or  —  is  added  to  the  pH  number  of  the  color 
Dearest  the  experimental  color. 
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The  well  water  used  for  experiment  has  a  pH  of  7.4  to  7.6  when  first 
pumped,  but  on  standing  for  some  time  or  after  five  to  ten  minutes 
shaking  with  air  pH  =  7.6  to  7.S  or  sometimes  even  S.O.  Since  it  seemed 
desirable  in  many  cases  to  vary  the  pH  of  the  starting  point,  the  water 
was  sometimes  used  at  pH  7.6  to  7.7,  while  in  other  cases  it  was  brought 
to  8.0  or  8.1  by  shaking  with  air  or  by  adding  if  necessary  a  few  drops 
of  sodium  carbonate  m/IOO. 

The  worms  are  weighed  "dry",  that  is,  with  no  excess  of  water.  The 
procedure  found  most  satisfactory  is  as  follows:  the  worms  to  be  weighed 
are  dropped  on  filter  paper  from  a  pipette  with  as  little  water  as  pos- 
sible and  after  about  thirty  seconds  each  animal  is  transferred  to  the 
container  on  the  balance  pan  on  the  tip  of  the  blade  of  a  very  narrow- 
bladed  lancet  which  has  been  slightly  vaselined  to  prevent  as  far  as 
possible  the  adhesion  of  water.  The  container  is  a  small  glass  vessel, 
e.g.,  the  bottom  cut  from  a  small  vial,  and  the  worms  are  transferred 
to  it  by  drawing  the  lancet  bUde  carefully  across  its  edge. 

The  container  is  of  course  balanced  before  the  worms  are  added  and 
the  transfer  and  weighing  of  the  worms  must  be  done  as  rapidly  as  pos- 
sible to  avoid  injuiy  from  drying,  but  since  the  total  weight  of  even 
fifteen  or  twenty  worms  reduced  by  starvation  is  only  a  few  milligrams, 
it  must  be  reasonably  accurate.  After  some  practice  it  is  possible  to 
estimate  rather  closely  the  weight  of  a  particular  lot  of  worms  and  to 
reduce  the  time  necessary  for  weighing  by  arranging  the  weights  accord- 
ingly  before  the  worms  are  transferred.  Two  minutes  exposure  to  air 
which  is  not  extremely  dry  will  not  usually  injure  the  animals,  but  this 
ts  near  the  limit.     As  soon  as  weighed  the  worms  are  returned  to  water. 

After  approximately  equal  weights  of  the  worms  to  be  compared  have 
been  obtained,  each  lot  is  placed  in  a  clean  pyrex  tube,  rinsed  twice  in 
the  indicator  solution  which  is  to  be  used,  the  tube  is  then  filled  with 
the  solution  and  sealed. 

Two  methods  of  sealing  have  been  used :  first,  that  described  by  Haas 
(7),  in  which  a  tightly  fitting  paraffined  rubber  tube  several  centimeters 
long,  attached  to  the  open  end  of  the  pyrex  tube,  is  closed  by  a  clamp, 
after  filling  with  the  indicator  solution  to  a  level  above  the  clamp  to 
avoid  air  bubbles.  This  method  has  some  disadvantages  for  motile 
animals  such  as  Planaria,  for  some  individuals  may  creep  into  the  rub- 
ber tube,  where  they  cannot  be  seen,  and  it  is  desirable  to  keep  all  in 
sight  at  all  times  in  order  to  make  certain  that  all  remain  in  good  condi- 
tion and  to  determine  whether  unusual  motor  activity,  which  of  course 
increases  C0»  production,  occurs.  Another  method  of  sealing  which 
has  proved  satisfactory  consists  in  closing  the  tube  first  with  a  very 
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tight  plug  of  acid^ree  absorbent  cotton  soaked  in  the  indicator  solution, 
care  being  taken  to  exclude  bubbles.  This  plug  is  pushed  far  enough 
into  the  tube  to  leave  room  for  at  least  1  cc.  of  solution  above  it  and  for 
a  paraf&ne  seal.  A  small  bubble  of  air  is  left  between  the  paraffins  and 
the  upper  solution  to  prevent  leakage  from  changes  in  pressure  in  con- 
sequence of  slight  temperature  changes.  Diffusion  through  the  cotton 
plug  is  so  slow  that  it  is  of  no  significance  during  the  period  of  the 
experiment. 

After  the  tubes  are  sealed  they  are  of  course  kept  under  as  nearly  as 
possible  the  same  conditions  and  from  time  to  time  the  different  lots 
of  a  series  are  compared  directly  with  each  other  and  with  the  standard 
tubes.  The  extreme  range  of  color  change  used  is  from  pH  7.6  to  8.1 
at  the  beginning  to  pH  7.0  at  the  end,  but  in  most  cases  only  about  half 
this  range  is  used. 

In  order  to  avoid  as  far  as  possible  errors  resulting  from  differences  in 
motor  activity  of  the  different  lots,  the  heads  are  removed  in  almost 
all  experiments  one  to  twenty-four  hours  before  the  pH  determinations. 
It  has  been  found  that  except  as  regards  motor  activity,  the  removal 
of  the  head  has  very  httle  or  no  appreciable  effect  on  total  CO*  produc- 
tion. The  headless  animals  are  much  less  active  than  the  normal, 
though  of  course  able  to  react  in  the  normal  way  when  sufficiently 
stimulated.  If  the  tubes  are  carefully  handled  and  kept  from  sudden 
and  great  changes  in  light  intensity,  the  headless  animalB  usually  remain 
motionless  throughout  the  period  of  the  experiment  after  the  first  few 
minut«s. 

Carbon  dioxide  producHon  in  reUUion  to  age.  Since  the  present  paper 
is  a  contribution  to  the  question  of  the  effect  of  starvation  on  the  physi- 
ological age  of  the  animals,  it  is  necessary  to  present  first  some  data 
concerning  COj  production  in  well-fed  animals  of  different  physiological 
^e,  size  being  taken  as  a  criterion  of  age  in  worms  of  a  given  stock  (6, 
chap.  iv).    The  following  table  gives  a  characteristic  series. 

TABLE  1 
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Even  thou^  the  thirty-six  young  weigh  slightly  less  than  the  three 
old  animals,  they  produce  COt  much  more  rapidly.  Similar  compari- 
sons of  old  and  young  animals  have  been  repeated  many  times  with 
worms  of  different  sizes,  with  and  without  heads  and  by  different  peiv 
sons,  the  experiment  having  been  used  as  a  laboratory  experiment  for 
students.  The  result  is  always  the  same,  a  higher  CO]  production  per 
unit  of  weight  in  the  young  than  in  the  old. 

In  Planaria  dorotocephala  the  young  worms  of  a  stock  are  in  all  proba- 
bihty  agamically  produced,  since  gametic  reproduction  has  never  been 
observed  in  the  locality  from  which  the  animals  are  collected  (6,  p.  386). 
Id  other  species,  however,  the  differences  btween  sexually  produced 
yoimg  and  old  are  like  those  between  young  and  old  of  agamic  origin 
and  of  the  same  sort  as  in  F.  dorotocephala. 

Starvation  stocke.  It  has  long  been  known  that  Flan  ria  will  live  for 
Eteveral  months  without  food  and  during  this  period  will  undergo  reduc- 
tion to  a  small  fraction  of  its  original  size.  The  reduction  in  size  is  due 
to  the  fact  that  the  animal  is  able  to  live  upon  its  own  structural  sub- 
stance after  using  up  whatever  nutritive  reserves  may  be  present.  The 
alimentary  tract  is  apparently  the  chief  source  of  nutrition  and  under- 
goes reduction  more  rapidly  than  other  organs  of  the  asexual  animals, 
but  all  parts  of  course  undergo  reduction  more  or  less  rapidly. 

In  making  up  starvation  stocks  careful  standardization  as  regards 
several  factors  is  necessary.  In  the  first  place,  since  differences  in  size, 
in  nature  or  in  a  general  kboratory  stock  represent  differences  in  physi- 
ological age  with  corresponding  differences  in  COi  production,  animals 
of  as  nearly  as  possible  the  same  size  must  be  selected  for  a  starvation 
stock.  Second,  these  animals  must  be  as  nearly  as  possible  in  the  same 
nutritive  condition,  for  COj  production  varies  greatly  with  nutritive 
condition.  Third,  the  larger  animals  consist  physiologically  of  more 
than  one  zooid  (2),  (3),  (6,  chap,  vi)  and  almost  invariably  undergo  fis- 
sion during  the  first  few  days  of  starvation  at  a  level  slightly  posterior 
to  the  mouth  (aa,  fig.  1).  The  anterior  and  posterior  products  of  fission 
undergo  regulation  into  normal  animals  (fig.  2,  anterior;  fig.  3,  posterior) 
and  tiiese  two  animals  resulting  from  fission,  the  "anterior"  and  "pos- 
terior" animals  as  they  may  for  convenience  be  called,  show  character- 
istic differences  in  body-form,  rate  of  reduction  and  physiological  condi- 
tion during  starvation,  and  the  posterior  animal  often  undergoes  a 
second  fission  and  regulation. 

These  differences  between  anterior  and  posterior  animals  must  be 
briefly  considered.    The  process  of  regulation  in  the  anterior  product  of 


oy  Google 


C.   U.    CHILD 


Fig.  1.  A  large,  well-fed  individual  of  Planaria  doroloeephala,  sbowiag  alimen- 
tary tract:  aa,  level  at  or  near  which  fission  usually  occurs. 

Fig.  2,  Anterior  animal  resulting  from  fission 

Fig.  3.  Posterior  animal  resulting  from  fission. 

Fig.  4.  Anterior  animal  reduced  by  about  three  months  of  starvation,  Bhowing 
body-fonc  and  extent  of  alimentary  tract. 

Fig.  5.  Posterior  animal  reduced  by  about  three  months  of  starvation,  showing 
body-form  and  extent  of  alimentary  tract. 

Fi);.  S.  Outline  of  starved  anterior  animal  in  side-view. 

Fig.  7.  Outline  of  starved  posterior  animal  in  side-view. 
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fiasioD  coDsistfi  chiefly  in  the  development  and  compensatory  growth  of 
a  new  poBtpharyng«Mil  region  (fig.  2),  while  in  the  posterior  product  it 
consists  in  the  developmeot  and  growth  of  a  new  head,  prepharyngeal 
and  pharyngeal  region  (fig.  3).  The  anterior  animal  is  physiologically  a 
single  individual,  except  the  extreme  posterior  end,  where  a  second 
zodid  is  usually  physiologically  distinguishable.  The  postpharyngeal 
region  of  a  large  worm  like  that  in  figure  1  always  consists  of  two  or  more 
Eooidfi  (2),  (3),  (6,  chap,  vi),  and  the  posterior  animal  resulting  from  the 
fiasion'of  such  a  worm  therefore  consists  of  at  least  two  zo6ids  of  nearly 
eqiial  length.  In  the  anterior  animal  then  practically  the  whole  body 
is  under  the  control  of  the  dominant  bead  and  behaves  as  a  well-codr- 
dinated  whole,  while  the  two  zoOids  composing  the  posterior  animal 
show  a  certain  degree  of  independence,  which  becomes  more  and  more 
evident  as  starvation  progresses. 

The  alimentary  tract  of  the  large,  well-fed  animal  fills  most  of  the  body 
(fig.  1)  and  since  it  is  not  only  a  digestive  oi^n  but  the  chief  place  of 
storage  of  nutritive  reserves,  its  cells  are  large  and  loaded  with  fat  and 
other  substances.  Moreover,  the  bulk  of  the  alimentary  tract  is  greater 
in  the  postpharyngeal  than  in  the  prepharyngeal  re^on,  as  figure  1 
shows.  In  relation  to  its  size,  then,  the  posterior  animal  has  a  larger 
volume  of  nutritive  reserves  and  entodermal  tissue  as  a  source  of  nutri- 
tion during  starvation  than  the  anterior  animal. 

These  two  differences  between  anterior  and  posterior  animals  arising 
by  fission  at  the  banning  of  starvation,  viz.,  the  less  complete  oodrdi- 
nation  and  the  greater  volume  of  the  alimentary  tract  in  the  posterior 
than  in  the  anterior  animal,  determine  certain  differences  in  the  course 
and  rate  of  reduction  during  starvation.  After  some  three  months  of 
starvation  (more  or  less  according  to  temperature)  the  anterior  animal 
presents  the  appearance  of  figure  4,  the  posterior  animal  that  of  figure 
5.  In  the  former  the  head  is  relatively  large,  the  body  slender  and  of 
almost  uniform  width  throughout  and  the  alimentary  tract  has  under- 
gone great  reduction,  all  the  more  lateral  portions  having  completely 
disappeared  and  the  anterior  and  posterior  terminal  portions  being  re- 
duced in  length  and  diameter.  In  such  animals  the  spaces  in  the  paren- 
chyma formerly  occupied  by  parts  of  the  alimentary  tract  are  clearly 
visible  in  the  lateral  and  terminal  body-regions  when  the  worms  are 
brought  under  slight  pressure.  In  the  posterior  animal  the  head  is 
relatively  small,  the  prepharyngeal  region  slender  and  the  postpharyn- 
geal r^on  much  broader,  and  the  alimentary  tract  is  much  more  re- 
duced in  the  prepharyngeal  than  in  the  postpharyngeal  r^on.     Fig- 
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uree  6  and  7  are  outlines  of  the  two  animalB  in  Bide-view  to  show  the 
differences  in  the  dorso-ventral  direction.  The  anterior  animal  (Sg.  6) 
is  thin  throughout,  the  thickness  decreasing  in  both  directbnfi  from  the 
pharynx,  while  in  the  posterior  animal  (fig.  7)  the  anterior  toiAi  is  thin 
but  the  posterior  zofiid  is  much  thicker.  Moreover  in  theee  advanced 
stages  of  starvation  it  cui  be  clearly  seen  that  in  the  anterior  animal 
the  whole  body  is  well  coordinated  while  the  broad,  thick  posterior 
zooid  of  the  posterior  animal  is  dragged  about  by  the  anterior  zo6id 
as  a  more  or  less  passive  mass,  although  with  strong  stimulation  k  may 
be  brought  under  control. 

In  the  anterior  animal  starvation  and  reduction  have  evidently  pro- 
gressed more  rapidly  than  in  the  posterior  animal  as  a  whole,  although 
in  the  latter  the  anterior  portion,  i.e.,  the  anterior  sodid,  bong  the  mi»e 
active,  has  undergone  reduction  to  a  greater  eottent  than  the  posterior. 
The  total  bulk  of  alimentary  tract  in  tbe  posterior  animal  (fig.  5)  is 
much  greater  than  in  the  anterior  animal  (fig.  4).  If  the  rate  of  COt 
production  changes  durii^  starvation,  we  should  expect  to  find  the 
change  occurrii^  more  rapidly  in  the  anterior  than  in  the  posterior 
animal,  and  this  is  actually  the  case,  as  will  appear  below. 

In  most  cases,  however,  tbe  posterior  aninit^  itself  imdergoes  fission 
and  regulatitm  during  the  first  few  weeks  of  starvation,  giving  rise  to 
two  individuals,  "  anterior-of-posterior"  and  "posteriorof-posterior," 
which  show  essentially  the  same  differences  as  the  anterior  and  posterior 
products  of  the  first  fission  but  are  of  course  smaller.  Much  less  fre- 
quently anterior  animals  undergo  fission  during  starvation  and  in  this 
case  the  two  products,  "anteriop-of-anterior"  and  "  posterior-of-an- 
terior,"  are  much  alike  in  size  and  shape  except  that  the  regenerated 
head  of  the  posteriorof-anterior  animal  always  remains  smaller  than 
tbe  head  of  the  anteriorof-anterior  animal,  which  is  the  original  bead. 

Such  products  of  second  fission  use  their  body-substance  not  only  in 
functional  activity  and  partial  maintenance  of  certain  organs,  but  also 
in  regulation  and  growth  of  new  parts,  consequently  a  second  fission 
during  starvation  must  accelerate  the  progress  of  starvation. 

In  addition  to  the  differences  in  site  due  to  fission,  differences  in  size 
which  may  be  called  accidental  appear  in  starvation  stocks.  Of  two 
animals  of  the  same  size  at  the  beginning  of  starvation  one  may  contain 
a  larger  amount  of  nutritive  reserves  and  therefore  undergo  reduction 
more  slowly  than  another.  Sometimes  also  one  animal  eata  another 
and  thus  obtains  sufficient  food  to  delay  starvation  and  reduction  to  a 
considerable  degree.    This  cannibalism  occurs  chiefly  where  animals 
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of  veiy  different  size  are  kept  together  in  the  more  advanced  stages  of 
starvation,  but  injured  animals  and  those  with  dying  and  disintegrating 
parts  are  often  attacked  and  eaten.  It  is  prevented  to  a  large  extent 
by  avoiding  over-crowding,  by  isolating  animals  of  different  sizes  and 
by  removing  dying  or  injured  animals  as  far  as  possible. 

In  order  to  determine  what  changes  occur  during  starvation,  it  is 
necessary  not  only  to  standardize  the  stock  at  the  beginning  as  regards 
size,  nutritive  condition  and  preceding  fissions,  but  also  to  distinguish 
between  the  different  products  of  first  and  second  fissions  or,  where  this 
is  not  possible  with  certainty,  as  is  often  the  case  in  th^  two  products  of 
fission  of  anterior  animals  during  starvation,  to  use  size  as  a  criterion 
of  stage  of  starvation.  If  anterior  and  posterior,  or  anterior  of  posterior 
and  posterior  of  posterior,  or  animals  of  very  different  size  are  mixed 
in  the  lots  \ised  for  comparison,  the  results  may  be  entirely  misleading. 
Since  starvation  proceeds  more  rapidly  at  higher  than  at  lower  t^npera- 
ture,  stocks  to  be  compared  must  be  kept  at  the  same  temperatures. 

In  all  the  following  experiments  all  these  points  have  received  atten- 
tion.  AH  starvation  stocks  were  made  by  selecting  animals  of  the  same 
size  from  one  general  stock  which  has  been  fed  in  the  laboratory  three 
times  a  week  with  beef  liver  during  at  least  two  months.  Some  stocks 
were  composed  of  anterior  or  of  posterior  animals  from  fissions  which 
had  occurred  within  a  few  days  preceding  selection.  In  others  animals 
like  that  of  figure  1,  25  mm.  in  length,  were  selected  and  either  allowed 
to  undei^  fission  during  the  first  few  days  of  starvation  as  almost  every 
individual  does,  or  each  animal  was  cut  approximately  at  the  fission 
plane  (aa,  fig.  1)  and  the  anterior  and  posterior  animals  resulting  were 
used  as  starvation  stocks.  In  short,  each  lot  of  animals  in  each  experi- 
ment is  as  nearly  uniform  in  all  these  respects  as  it  was  possible  to 
make  it. 

For  long  periods  of  starvation,  large  physiologically  old  animals  were 
used,  since  they  undei^  more  extreme  reduction  before  becoming  too 
small  to  handle  readily,  but  it  has  been  found  that  small,  young  animals 
reach  essentially  the  same  physiological  condition  after  a  short  starva- 
tion period  as  large,  old  animals,  after  a  much  longer  starvation  period. 
In  order  that  animals  in  different  stages  of  starvation  may  be  available 
for  comparison,  starvation  stocks  are  made  up  at  intervals  of  a  few  days 
or  a  few  weeks  and  kept  as  nearly  as  possible  under  identical  conditions. 

The  earlier  stages  of  starvation.  The  stocks  used  for  study  of  the 
eariier  stages  of  starvation  consisted  of  anterior  animals  12  to  14  mm. 
in  length,  the  starvation  period  beginning  some  ten  days  after  fission. 
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In  such  apimaJs  the  regeneration  at  the  posterior  end  is  about  completed 
but  the  posterior  zooid  ib  not  far  enough  developed  for  the  occuirence 
of  another  fission  during  the  first  weeks  of  starvation.  The  data  for 
five  characteristic  series  are  tabulated  in  table  2. 

Table  2  shows  the  effect  of  a  few  days  of  starvation  upon  the  COt 
production.  In  each  series  ftnimalg  fed  within  one  or  two  days  (I) 
are  compared  with  animals  starved  from  three  to  twelve  days  (II,  III). 
In  the  first  three  series  of  the  table  heads  were  removed  before  compari- 
son, in  the  other  two  the  ftnimalfl  were  intact.  The  fourth  column,  "  No. 
of  worms,"  shows  that  the  starved  worms  have  lost  somewhat  in  weight; 
in  series  656  II,  the  number  5}  in  this  column  means  that  the  anterior 
third  of  a  worm  was  added  to  the  five  whole  wonos  to  make  up  the 
weight.  In  the  columns  under  "times  of  record  and  pH"  the  pH  as 
observed  at  difiFereot  times  is  given.  Records  are  given  only  up  to  seven 
and  one-half  hours,  but  most  of  the  series  were  continued  several  hours 
more,  usually  at  least  ten  hours  in  all  and  in  some  series  eighteen  hoius. 
The  later  readings  of  pH,  however,  do  not  in  any  case  alter  th6  result 
except  that  the  differences  between  the  two  lots  compared  increase  as 
time  goes  on. 

Although  in  every  series  the  weight  of  the  starved  worms  is  greater 
than  that  of  the  fed  worms,  the  starved  worms  always  produce  less  COi 
than  the  fed  worms.  Moreover,  in  series  643,  lot  III,  with  seven  days 
of  starvation  produces  less  COi  than  lot  II  with  three  days  of  starvation. 
These  experiments  with  short  periods  of  starvation  have  been  repeated 
frequently  and  have  been  used  as  class  experiments  with  the  same  result 
in  all  cases.  There  can  be  no  doubt  that  the  total  COt  production  of 
these  animals  decreases  rapidly  during  the  first  few  days  of  starvation. 

The  later  stages  of  starvation:  anterior  animals.  After  the  rapid  de- 
crease in  COj  production  during  the  first  few  days  of  starvation,  there 
is  a.  period  of  at  least  several  weeks  during  which  a  sl^t  further  de- 
crease occurs,  but  sooner  or  later  an  increase  appears.  This  increase 
appears  earher  at  higher  than  at  lower  temperatures,  earlier  in  anterior 
than  in  posterior  animals  and  earlier  in  animals  which  have  undergone 
a  second  fission  and  regulation  than  in  those  which  have  imdergone 
fission  and  regulation  only  once.  The  data  for  anterior  animals  follow 
in  table  3. 

In  table  3  lot  I  is  in  all  cases  the  earlier,  lot  II,  the  later  st^^  of  starva- 
tion. The  table  gives  the  number  of  days  since  last  feeding,  the  length 
of  the  worms  at  the  time  of  pH  determination,  the  number  of  worms  in 
each  lot,  the  total  weight  of  each  lot,  the  number  of  comparative  deter- 
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minationB  made  in  each  eeties  and  the  pH  readii^  for  eeveral  hours. 
The  color  comparisons  were  made  with  great  care,  the  two  lots  of  each 
series  being  compared  both  with  each  other  and  with  the  standard 
tubes  of  the  colorimeter  in  uniform  light.    Where  repeated  compari- 
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Bons  were  made  with  the  same  lots,  clean  tubes  and  fresh  indicator  solu- 
tion were  of  course  used,  and  a  different  pH  was  used  as  starting  point 
in  at  least  one  of  the  repetitions  in  each  series,  as  the  table  shows  (see 
pH  under  0  hours).  The  second  decimal  place  in  the  pH  readings  is 
estimated,  not  exact,  and  serves  chiefly  to  indicate  whether  the  difference 
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between  the  two  lota  of  a  seriea  is  great  or  Bmall,  but  in  do  case  was  a 
difference  recorded  unless  it  vae  perfectly  distinct  and  observed  in  all  of 
several  compariaons  made  within  two  or  three  minutee  with  the  tubes 
in  different  r^tive  positions.  Many  of  the  records  were  confirmed  in- 
dependently by  other  persons.  The  transfer  of  the  worms  individually 
in  wei^iing  makes  the  use  of  small  numbers  desirable  in  order  to  avoid 
long  exposure  of  some  animals  to  the  air,  and  this  of  course  makes  the 
differences  in  pH  smaller  than  they  would  be  if  large  numbers  were 
'  used. 

la  series  699  of  the  table,  lot  I  with  fifteen  days  starvation  produced 
CO*  more  rapidly  than  lot  II  with  seventy-seven  days  of  starvation  in 
both  of  the  two  teats  made.  After  these  tests  the  worms  of  these  two 
tots  were  returned  to  water  and  allowed  to  starve  for  twenty-three  days 
more,  during  which  time  they  regenerated  heads  in  place  of  those  cut 
off.  At  the  end  of  this  time  the  heads  were  removed  again,  the  lots 
weighed  and  another  pH  determination  made,  the  data  for  which  are 
given  in  series  699A.  At  this  time  the  later  stage  of  starvation  (lot  II) 
produces  CO}  more  rapidly  than  the  earlier  (lot  I),  i.e.,  the  relative 
rates  are  the  reverse  of  those  in  series  699.  Moreover,  taking  into  ac- 
count the  loss  of  nearly  one-third  in  weight  between  the  time  of  aeries 
699  and  699A,  the  change  in  pH,  though  not  directly  comparable  in  the 
two  series  because  of  different  starting  points,  indicates  that  the  rate 
of  CX)i  production  of  lot  II  is  higher  in  699A  than  in  699.  These  two 
series,  which  show  earlier  and  later  conditions  in  the  same  two  lots, 
afford  evidence  in  two  ways  that  the  rate  of  COt  production  increases 
during  the  later  stages  of  starvation.  The  great  loss  of  weight  during 
the  twenty-three  days  between  the  two  aeries  is  of  course  due  not 
merely  to  starvation,  but  also  to  the  fact  that  during  thia  period  the 
animals  regenerated  new  heads,  which  were  removed  before  the  second 
w^hing. 

In  series  705,  lot  I,  starved  thirty-six  days,  ahows  less  rapid  change 
in  pH  than  lot  II,  starved  ninety-eight  days,  all  three  tests  giving  the 
same  comparative  results.  In  series  713  still  more  advanced  stages  of 
starvation  are  used,  lot  I,  fifty-seven  days,  lot  II,  one  hundred  and  nine- 
teen days,  and  again  the  more  advanced  stage  shows  the  more  rapid 
change  in  pH  in  all  three  tests. 

From  other  starvation  stocks  started  at  other  times  and  from  otiier 
general  stocks  of  worms  three  series  of  comparative  pH  determinations 
like  those  of  table  3  were  made,  the  starvation  periods  being  thirty-nine 
and  seventy-eight,  forty  and  seventy-nine,  forty-three  and  eighty-two 
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dftjrs.  In  two  of  these  series  the  more  advanced  stage  Bhowed  the  more 
rapid  change  in  pH,  in  one  a  slightly  less  rapid  change  than  the  leaa 
advanced  stage.  In  these  aeries  the  beads  were  not  ronoved  and  it  ia 
possible  that  differences  in  motor  activity  may  have  been  reeponsible 
for  the  exceptional  result  in  the  one  series.  Unfortunately  it  was  im- 
poBsible  to  cairy  on  to  later  stages  the  stock  from  which  theee  series 
were  taken. 

The  more  important  data  on  anterior  nninmls  are  briefly  summarized 
as  follows:  A  total  of  thirty-one  animals,  starved  thirty-eight  to  fifty- 
seven  days,  was  compared  in  lots  of  equal  or  nearly  equal  weight  with 
a  total  of  seventy  animals,  originally  the  same  sise,  but  starved 
seventy-seven  to  one  hundred  and  nineteen  days.  Ten  comparative  pH 
determinations  were  made  with  six  pairs  of  lots,  each  detenoination 
comprising  two  or  more  pH  records  at  intervals  of  one  to  three  boms. 
In  nine  of  these  determinations  (25  and  55  animals)  the  more  advanced 
stage  of  starvation  showed  a  distinctly  more  rapid  change  in  pH.  In 
one  determination  (6  and  15  animals)  the  more  advanced  stage  showed 
a  slightly  less  rapid  change  in  pH,  but  in  this  series  the  starvation  pe- 
riods were  such  that  no  very  great  differences  were  to  bo  expected  and 
since  the  heads  were  present  differences  in  motor  activity  may  have 
affected  the  result.  No  other  exceptional  cases  have  been  observed  with 
starvation  periods  of  forty  and  eighty  days  or  more  in  the  two  lots. 

The  later  stages  of  starvation:  posterior  animals  arid  products  of  second 
fission.  Most  of  the  posterior  animals  resulting  from  the  first  fission  or 
section  (p.  239)  at  the  beginning  of  starvation  undergo  a  second  fission 
and  regulation  during  the  first  few  weeks  of  starvation,  so  that  in  the 
later  stages  of  a  starvation  stock,  instead  of  posterior  animals,  one  finds 
mostly  anterior-of-posterior  and  posterior-of-posterior  animals  (p.  238). 
Sufficient  material  has,  however,  been  found  in  my  stocks  for  four  com- 
parative series  of  earlier  and  later  stages  with  posterior  animals,  though 
none  represent  very  late  stages  of  starvation.  In  these  series  lot  I, 
six  worms  in  each  series,  a  total  of  twenty-four  worms,  had  been  starved 
thirty-nine  to  forty-three  days  and  lot  II,  eleven,  eleven,  nine  and  ten 
worms,  a  total  of  forty-one  worms,  had  been  starved  seventy-eight  to 
e^^hty-two  days,  i.e.,  about  twice  as  loi^  as  lot  I.  In  each  series  the 
earlier  stage,  lot  I,  showed  a  more  rapid  change  in  pH  than  the  later 
stage,  though  in  one  series  the  difference  was  very  slight.  In  these 
posterior  animals  then  the  rate  of  COi  production  is  still  higher  in  the 
earlier  than  in  the  later  stage  after  these  starvation  periods,  while  in 
anterior  animals  (see  preceding  section)  with  corresponding  starvaUon 
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periods,  the  rate  of  COi  production  is  almost  always  higher  in  the  later 
than  in  the  earlier  stage. 

For  the  still  more  advanced  stages  of  starvation  it  was  necessary  to 
use  the  products  of  the  second  fission  of  posterior  animals.  These  of 
course  have  used  a  part  of  their  body  substance  in  a  second  regulation 
as  well  as  in  starvation,  consequently  at  any  given  time  the  products  of 
the  second  fission  of  posterior  animals  represent  a  more  advanced  stage 
of  starvation  than  animals  which  have  starved  for  the  same  length 
of  time,  but  have  not  imdeigone  a  second  fission  and  regulation.  The 
chief  data  obtained  with  these  groups  of  animals  are  given  in  table  4. 

Table  4  is  similar  in  plan  to  table  3,  except  as  r^ards  the  second  col- 
umn, in  wliicb  the  origin  of  the  animals  of  each  lot  as  regards  preceding 
fissions  is  given.  In  series  714  and  700  posterior  animals  (I)  are  com- 
pared with  posterior  products  of  a  second  fission  (II,  posterior-of-pos- 
terior),  the  period  of  starvation  of  both  lots  being  in  series  714,  fifty- 
nine  days,  in  series  700,  seventy-eight  days.  In  both  series,  lot  II,  the 
postenor-of-poeterior  animals,  shows  the  more  rapid  change  in  pH. 
In  series  714  four  comparisons  wefe  made,  but  since  the  result  was  the 
same  in  all  only  two  are  given  in  the  table.  In  series  700  only  two  com- 
parisons were  made.  Series  697  gives  data  for  posterior  (I)  and  pos- 
terior-of-posterior  animals  (II),  starved  seventy-seven  days,  the  latter 
showing  the  more  rapid  change  in  pH. 

Series  706  and  712  are  both  comparisons  of  posterior-of-posterior 
animals  in  earlier  (I)  and  later  stages  (II)  of  starvation.  In  series  703, 
where  the  two  lots  have  been  starved  respectively  thirty-seven  and 
ninety-^ne  days  there  is  no  difference  in  the  first  comparison  and  a 
very  slight  difference  in  the  second.  In  series  712  with  fifty-seven  and 
one  hundred  and  nineteen  days  of  starvation  the  later  stage  shows  the 
higher  itite  of  change  in  pH  in  all  three  comparisons. 

This  table  shows  then,  first,  that  after  two  months  or  more  of  starva- 
tion, products  of  a  second  fission  of  posterior  animals  show  a  higher  rate 
of  COj  production  than  the  posterior  animals  themselves;  and  second, 
that  posterior  products  of  second  fission  (posterior-of-posterior)  in  suf- 
firiently  advanced  stages  of  starvation  possess  a  higher  rate  of  COi 
production  than  in  earher  st^es. 

In  another  series  not  tabulated  anterior-of-posterior  animals  were 
compared  at  twenty-three  and  eighty-five  days  of  starvation,  the  earlier 
stage  showing  a  very  slightly  more  rapid  change  in  pH  than  the  later. 
Heads  were  not  removed  in  this  case  and  it  was  recorded  at  the  time  of 
experiment  that  the  earUer  stage  showed  distinctly  more  motor  activity 
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than  the  later,  consequently  the  result  is  of  doubtful  value.  No  other 
exceptions  have  been  found. 

MisceUaneous  data.  From  other  starvation  stocks  stwved  at  a 
higher  temperature  and  therefore  more  rapidly  than  those  used  in  the 
preceding  series,  anterior  animals,  10  to  II  mm.  in  length  after  twelve 
days  of  starvation  showed  a  markedly  lower  rate  of  COt  production 
than  anterior  animals  (or  perhaps  products  of  second  fission  of  anterior 
animals)  5  to  7  mm.,  after  forty-eeven  days  of  starvation.  In  another 
series  from  a  stock  starved  forty-two  days,  the  largest  anterior  animals 
(8  mm.)  showed  a  lower  rate  of  COi  production  than  the  smallest  ante- 
rior ftnimftlB  (5  to  6  mm.,  perhaps  products  of  second  fission).  Here  the 
smaller  animals,  either  because  of  a  second  fission  and  regulation  or  be- 
cause of  accidental  conditions  (p.  238)  represented  a  more  advanced 
stage  of  starvation  showed  a  higher  rate  of  COi  production  than  the 
larger. 

After  eighty  days  of  starvation  anterior  animals  show  a  distinctly 
higher  rate  of  COi  production  than  posterior  animals  with  the  same 
starvation  period.  In  view  of  the  data  already  presented  this  differ-' 
ence  is  to  be  expected  from  the  fact  that  anterior  animals  undergo  more 
rapid  reduction  than  posterior  animals. 

In  still  another  experiment  anterior  and  posterior  animals  from  a 
stock  starved  forty-three  days  were  cut  in  two  at  the  mouth  and  equal 
weights  of  the  posterior  pieces  of  each  were  compared.  The  posterior 
region  of  the  anterior  animals  has  of  course  been  concerned  in  the  forma- 
tion of  a  new  posterior  end  since  starvation  b^an,  while  that  of  the  pos- 
terior animal  has  not.  It  was  also  noted  above  (p.  237)  that  the  anterior 
animal  undergoes  reduction  more  rapidly  than  the  posterior  in  starva- 
tion, and  figures  4  (anterior)  ajid  5  (posterior)  indicate  the  difference  in 
JDteetinal  volume  of  the  posterior  r^on  of  the  two  animals.  The  pos- 
terior pieoes  of  the  anterior  ftniniRla  showed  a  distinctly  more  rapid 
change  in  pH  than  the  posterior  pieces  of  the  posterior  animals.  In 
other  words,  the  pieces  in  which  the  alimentary  tract  was  most  reduced 
showed  the  hi^er  rate  of  COi  production,  althoi^  starved  for  the  same 
niunber  of  days  as  the  other  pieces. 

In  one  series  anterior  animals  starved  one  hundred  and  Uiirty-four 
days,  without  fission  during  starvation,  showed  a  less  rapid  change  in 
pH  than  poeterior-of-posterior  animals  starved  seventy-two  days,  both 
lots  being  about  6  mm.  in  length.  In  this  case  the  Ulterior  ftnimalH 
had  been  in  the  biometer  (see  p.  250)  preceding  the  colorimetric  test 
and  may  have  been  injured  by  exposure  to  the  air,  or  possibly  by  mer- 
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cury  vapor,  such  injury  having  been  observed  in  other  cases  in  the  bi- 
ometer.  This  is  the  only  exceptional  case  in  this  group  of  data,  and  it 
is  at  least  of  doubtful  value. 

Starved  and  fed  animale.  The  chief  purpose  of  the  present  paper  ie  to 
present  the  data  concerning  the  conditions  during  starvation.  Some 
comparative  work  has  been  done  on  COj  production  in  starved  and  fed 
Rnimftla  and  on  the  effect  of  feeding  after  periods  of  starvation,  but  the 
data  are  not  yet  as  complete  as  is  desired,  and  their  presentation  in  full 
is  postponed  to  another  time.  A  few  characteristic  results  among  those 
already  obtained  along  this  line  are  briefly  stated  to  show  what  has 
already  been  determined  along  this  hne,  and  as  a  baeds  for  discussion 
of  certain  questions. 

Direct  comparison  of  pH  change  in  the  advanced  stages  of  starvation 
with  that  of  large,  well-fed  animals  by  the  method  described  above  pre- 
sents difficulties  because  the  large  number  of  starved  animals  necessary 
to  equal  in  weight  even  one  or  two  of  the  large  ones  cannot  be  handled 
rapidly  enough  in  we^hing  to  avoid  danger  from  dryii^.  Other  meth- 
'  ods  of  procedure  are  more  satisfactory.  A  few  direct  comparative  ex- 
periments have,  however,  been  made  in  which  pieces  of  the  large  ani- 
mals including  the  region  between  head  and  mouth,  the  head  being  re- 
moved, have  been  used  instead  of  the  whole  animals.  Animals  starved 
one  hundred  and  twenty-three  days  and  reduced  by  starvation  and  fis- 
sion from  25  mm.  to  4  or  5  mm.  produce  COi  more  rapidly  than  pieces 
of  well-fed  animals  of  the  original  length,  i.e.,  26  mm.  and  at  about  the 
same  rate  as  pieces  of  well-fed  ftninmln  is  to  16  mm.  which  show  a 
somewhat  higher  rate  than  the  pieces  of  25  nmi.  animals.  Anterior 
animals  from  another  stock,  starved  one  hundred  and  thirty-seven  days 
without  fission  during  starvation,  and  reduced  from  15  mm.  to  4  or  5 
mm.,  showed  in  one  series  a  distinctly  higher  rate  than  pieces  from  25 
mm.  well-fed  animals,  while  in  another  series  where  only  a  single  piece 
of  an  old  animal  and  three  starved  worms  were  used,  the  rate  was  some- 
what lower  in  the  starved  animals  than  in  the  fed  piece.  In  general 
the  data  indicate  that  after  four  months  or  more  of  starvation,  the  rate 
of  COi  production  is  actually  higher  than,  or  at  least  about  equal  to  the 
rate  at  the  beginning  of  starvation,  i.e.,  the  decrease  in  rate  during  the 
early  stages  of  starvation  has  been  balanced  or  more  than  balanced  by 
an  increase  in  rate  during  the  later  stages.  This  result  agrees  with  and 
confinns  the  data  of  preceding  sections,  which  show  an  increase  in 
rate  in  the  later  stages  of  starvation. 
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It  is  a  familiar  fact  that  planarians  which  have  been  reduced  by  star- 
vation to  a  small  fraction  of  their  original  size,  will  begin  to  grow  again 
when  fed  and  may  t^ain  attain  the  original  size  and  again  be  reduced 
by  starvation.  So  far  as  our  knowledge  goes,  this  alternation  of  growth 
and  reduction  may  be  repeated  indefinitely  with  proper  food  conditions. 
According  to  criteria  thus  far  applied,  animalB  which  are  fed  after  a 
period  of  etarvatton  and  reduction  are  physiologically  younger  than 
they  were  at  the  beginning  of  starvation  and  are  comparable  to  well-fed 
animals  of  the  same  size  as  themselves,  as  regards  bodily  proportions, 
rate  of  growth,  susceptibility  to  various  agents,  capacity  for  acclima- 
tion (4),  (6,  chap.  vii).  As  feeding  is  continued  and  increase  in  size  agdin 
occurs,  rate  of  growth,  susceptibility  and  capacity  for  acclimation 
.  undergo  gradual  decrease,  as  in  other  animals  undergoing  growth  and 
physiolc^cal  senescence,  so  that  when  the  animals  again  attain  the 
original  length,  e.g.,  25  mm.,  their  condition  in  these  respects  is  not  ap- 
preciably different  from  the  condition  before  starvation.  The  data  at 
hand  concerning  the  effect  on  COi  production  of  feeding  after  starvation 
confirm  the  earlier  conclusions. 

It  was  shown  in  table  2  that  even  a  few  days  of  starvation  brings 
about  a  marked  decrease  in  COj  production.  It  has  been  found  that  a 
single  feedii^  after  such  a  short  period  of  starvation  brings  the  animal 
back  almost  to  its  original  condition,  and  that  after  two  or  three  feedii^ 
at  intervals  of  a  day  or  two  its  rate  of  COg  production  is  the  same  as  or 
slightly  higher  than  that  of  fed  animals  of  the  same  size.  For  example, 
animals  starved  eleven  days  and  then  fed  once  with  liver  twenty-four 
hours  before  comparison,  show  a  rate  almost  as  high  as  that  of  animals 
of  the  same  size  fed  three  times  a  week,  and  very  much  higher  than  that 
of  animals  starved  twelve  days.  A  second  feeding  twenty-four  to  forty- 
eight  hours  after  the  first  is  usually  sufficient  to  establish  the  original 
rate. 

After  longer  periods  of  starvation  more  food  is  required  to  raise  the 
rate  of  COi  production  to  the  level  of  that  of  well-fed  animals  of  the  same 
size.  For  example,  animals  starved  eighty-seven  days  and  reduced 
by  starvation,  fission  and  regulation  from  25  mm.  to  4  or  6  mm.,  after 
feeding  three  times  on  three  successive  days,  show  a  rate  of  change  in 
pH  almost  midway  between  that  of  young  well-fed  animals  5  to  6 
mm.  and  animals  4  to  6  mm.  starved  ninety  days  without  feeding.  Ani- 
mals starved  eighty-seven  days  and  reduced  from  25  mm.  to  4  or  6  mm., 
after  feeding  seven  times  in  eight  days  show  a  rate  of  CO5  production 
as  high  as,  or  slightly  higher  than  that  of  young,  well-fed  animals  of  the 
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same  size.  Three  feedings  are  not  sufficient  to  bring  these  animals  up  to 
the  level  of  young,  well-fed  animals  of  the  same  axe,  but  seven  feedings 
accomplish  the  result  and  if  feeding  is  continued,  the  animals  from  this 
time  on  are  indistinguishable  in  any  way,  so  far  as  we  know  at  present, 
from  the  young,  growing  animals,  which  have  not  been  starved.  As 
r^ards  rate  of  CO3  production  as  well  as  other  physiological  charactei^ 
istice,  the  animals  which  have  been  starved  and  then  fed  have  undergone 
a  physiological  rejuvenescence,  the  degree  of  rejuvenescence  depending 
on  and  varying  directly  with  the  degree  of  starvation  and  reduction. 

Comparative  COt  eitimations  with  the  Tashiro  biometer.  In  the  earlier 
wdrk  on  starvation  in  Flanaria  a  few  data  obtained  with  the  Tashiro 
biometer  (10,  Appendix)  were  presented  (4,  p.  434).  According  to 
these  data,  ftnimala  starved  ninety-four  days  showed  a  rate  of  CO* 
production  about  equal  to  that  of  young  fed  animals  of  the  some  size. 

These  earlier  data  have  now  been  supplemented  by  some  further  work 
with  the  same  apparatus.  In  these  later  estimations  single  headless 
pieces  from  the  anterior  body  r^on  of  well-fed  worms  25  mm.  in 
lei^h  were  compared  with  an  approximately  equal  weight  of  headless 
animals  reduced  by  starvation,  fission  and  regulation  from  25  to  6  or  7 
mm.  In  ten  estimations  with  differences  in  weight  between  fed  and 
starved  not  exceeding  14  per  cent  with  the  excess  in  different  sides  in 
different  cases,  the  starved  animals  showed  in  every  case  a  distinctly 
higher  rate  of  COt  production  than  the  old  fed  pieces. 

Several  comparisons  between  animals  starved  one  hundred  and 
twenty  to  one  hundred  and  thirty  days  and  young  fed  animals  of  the 
same  size  gave  a  h^er  rate  of  CO)  production  for  the  starved  than  for 
the  fed  animals.  These  results  do  not  agree  with  those  of  the  colori- 
metric  determinations. 

Work*  with  the  biometer  was  discontinued  because  I  came  to  believe 
that  the  method  was  not  suitable  for  this  material.  The  ftnitnala  are 
more  or  less  stimulated  by  handling  and  the  starved  animftla  are  usu- 
ally distinctly  more  susceptible  than  the  fed  and  react  more  strongly 
to  such  stimulation.  With  the  biometer  tt  is  necessary  to  make  the 
estimations  as  soon  as  possible,  i.e.,  within  five  or  ten  minutes  after  the 
animals  are  placed  in  the  chambers,  because  even  the  headless  animals 
usually  become  restless  after  a  time  on  account  of  exposure  to  the  air, 
although  the  atmosphere  of  the  chambers  is  saturated  with  water  vapor, 
or  for  B(Hue  other  unascertained  reason.  Consequently  the  carbon  diox- 
ide estimation  is  made  before  the  animals  have  recovered  from  the 
stimulation  due  to  the  transfer  and  since  there  is  every  indication  that 
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the  starved  »nimAlB  are  more  stimulated  than  the  fed  the  biometer  is 
likely  to  show  too  high  a  rate  of  COi  production  for  the  starved  ammalB. 
That  this  is  the  case  was  proved  for  some  series  by  making  a  colorimetric 
comparison  with  the  animals  used  in  the  biometer.  Starved  animals 
which  showed  in  the  biometer  a  higher  rate  than  the  fed  showed  a  rate 
equal  to  or  lower  than  that  of  the  fed  animals  by  the  colorimetric  method. 
With  the  latter  method  the  determination  extends  over  several  hours 
and  the  headless  ftnimala  usually  do  not  move  at  all  after  the  first  few 
moments,  if  the  tubes  are  properly  handled.  There  is  good  reason  to 
believe,  therefore,  that  the  colorimetric  data  are  more  nearly  correct 
than  those  obtained  with  the  biometer,  but  if  the  rates  as  shown  in  the 
biometer  result  from  a  greater  degree  of  stimulation  of  the  starved  ani- 
mals the  reason  for  their  greater  sensitiveness  or  more  intense  reaction 
remains  to  be  explained.  The  following  discussion  will  throw  some 
light  on  this  point. 

DISCUSSION 

The  colorimetric  determinations  indicate  that  the  rate  of  COi  pro- 
duction falls  rapidly  aod  to  a  marked  degree  during  the  first  few  days  of 
starvation,  then  more  slowly  during  several  weeks,  and  that  this  de- 
crease is  followed  sooner  or  later  by  an  increase  in  rate  which  may  bal- 
ance or  even  overbalance  the  earlier  decrease,  so  that  in  advanced  stages, 
of  starvation  the  rate  of  CO)  production  may  be  as  high  as,  or  higher  than 
that  at  the  beginning  of  starvation.  That  the  condition  of  the  ali- 
meotaiy  tract  is  an  important  factor  in  these  cbaogee  is  indicated  by 
several  facts:  first,  the  rapid  decrease  during  the  first  few  days  of  star- 
vation can  be  compensated  and  the  animal  brought  back  to  the  original 
level  by  a  single  feedmg;  second,  the  decrease  in  rate  apparently  con- 
tinues as  long  aa  any  appreciable  amount  of  nutritive  reserve  is  present 
in  the  cells  of  the  alimentary  tract,  while  in  the  period  of  increase  in 
rate  the  animal  is  apparently  subsisting  entirely  upon  its  own  proto- 
plasm and  the  alimentary  tract  is  reduced  more  rapidly  than  the  body 
as  a  whole;  third,  in  animals  starved  for  the  same  length  of  time,  those 
in  which  the  alimentary  tract  is  most  reduced  show  in  general  the  higher 
rate  of  COi  production;  fourth,  even  after  several  months  of  starvation, 
a  few  feedings  bring  the  rate  of  COi  production  up  to  that  of  young  fed 
animals  of  the  same  size  as  the  starved  animals,  i.e.,  to  a  level  far  above 
that  at  the  beginning  of  starvation.  The  metabolism  of  the  aUmentary 
tract  evidently  plays  a  large  rdle  ip  the  total  COt  production  of  well-fed 
animals,  but  it  is  also  evident  that  this  metabolism  decreases  rapidly 
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in  the  absence  of  food  and  increasee  again  when  food  ie  ^ven.  This  is 
to  be  expected  since  the  alimentary  tract  is  functionally  concerned  with 
food,  and  in  the  absence  of  food  its  functional  activity  must  decrease. 
Undoubtedly  some  functional  activity  is  concerned  in  the  transforma- 
tion and  removal  of  the  nutritive  reserves  from  the  cells  of  the  alimen- 
tary tract,  but  as  starvation  progresses  and  the  reserves  gradually  dis- 
appear, even  this  decreases  and  sooner  or  later  the  alimentary  tract 
becomes  a  practically  functionless,  quiescent  ot^n  and  under  these 
conditions  autolysis  in  its  cells  probably  increases  and  it  becomes  ita^ 
a  source  of  nutrition  for  other  parts. 

The  other  essential  organs  of  the  body,  ectoderm,  muscles,  nervous 
system,  etc.,  do  not  undergo  any  such  loss  of  function  in  starvation  as 
does  the  alimentary  tract.  Their  functional  activity  is  maintained  or 
even  increased,  since  the  starved  animal  becomes  more  active.  All 
these  facts  indicate  that  the  decrease  in  COi  production  during  starva- 
tion in  Flanaria  is  at  least  in  lai^  measure  the  result  of  a  decrease  in 
the  metaboUc  activity  of  the  alimentary  tract.  Probably  the  period 
of  most  rapid  decrease  at  the  beginning  of  starvation  coincides  with  the 
period  of  disappearance  of  food  from  the  tract,  and  the  later  period  of 
slow  decrease  with  the  period  of  mobilization  of  reserves. 

The  increase  in  rate  of  CO]  production  during  the  later  stages  of 
.starvation  and  the  fact  that  starvation  followed  by  feeding  accomplishes 
a  rejuvenescence  as  regards  rate  of  COt  production  and  various  other 
characteristics,  remain  to  be  accounted  for.  It  is  in  this  connection  that 
the  signihcance  of  the  earlier  work  on  susceptibility  in  relation  to  starva- 
tion appears  (4),  (6,  chap.  vii).  These  earlier  investigations  showed 
that  the  susceptibility  of  Planaria  to  lethal  concentrations  of  KNC  and 
various  other  toxic  agents  increases  from  the  beginning  of  starvation 
and  that  animak  reduced  by  starvation  show  about  the  same  or  a  some- 
what higher  susceptibility  than  fed  animals  of  the  same  size.  It  was 
found,  however,  that  the  capacity  for  acclimation  decreases  during 
starvation  but  is  increased  above  the  original  capacity  by  feeding  after 
starvation.  The  conclusion  drawn  from  these  earlier  experiments  was 
that  the  rate  of  oxidation  underwent  an  increase  durii^  starvation  so 
that  the  animals  became  physiologically  younger  in  this  respect  as  star- 
vation progressed,  but  since  the  capacity  for  acclimation  decreases  during 
starvation,  while  it  is  greater  in  young  than  in  old  animals,  it  was  sug- 
gested that  nutritive  condition  as  well  as  rate  of  oxidation  is  a  factorin 
acclimation,  and  that  the  process  of  .rejuvenescence  is  not  complete  in 
all  respects  until  after  the  starved  animal  has  been  fed. 
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Although  the  same  geoeral  coDclusioo,  viz.,  that  starvatioo  followed 
by  feeding  accomplishes  a  process  of  rejuvenesceDce  is  drawn  from  the 
data  on  susceptibility  and  those  on  CO3  production,  an  apparent  dis- 
crepancy exists  in  the  data  obtained  by  the  two  methods  conceraii^ 
what  occurs  during  starvation.  Susceptibility  increases  from  the  be- 
ginning of  starvation,  and  at  the  end  of  a  starvation  period  is  at  least 
equal  to  that  of  fed  animals  of  the  same  size  as  the  starved,  and  is  not 
further  increased  by  feeding,  while  COi  production  decreases,  at  first 
rapidly,  then  more  slowly  and  sooner  or  later  begins  to  increase,  but  is 
increased  still  further  by  feeding  after  starvation. 

This  apparent  discrepancy  in  the  results  of  the  two  methods  depends, 
at  least  very  largely,  upon  the  tact  that  in  the  earher  experiments  sus- 
ceptibility was  always  determined  by  survival  time  of  the  ectoderm  and 
body  wall,  no  account  being  taken  of  the  condition  of  the  alimentary 
tract,  while  the  data  on  COi  production  concern  total  COj  production, 
that  of  the  alimentary  tract  as  well  as  that  of  the  ectoderm  and  body 
wall.  In  the  earlier  work  on  susceptibility  it  was  observed  that  in 
lethal  concentrations  the  alimentary  tract  of  fed  animals  disintegrated 
almost  as  early  as  ectoderm  and  body  wall,  while  in  starved  animals  the 
alimentary  tract  mi^ht  remain  completely  intact  for  some  time — de- 
pending on  the  concentration — after  ectoderm  and  body  wall  were  com- 
pletely disint^rated  or  cytolyzed.  The  significance  of  these  facts  was 
not  rect^piized  untU  the  work  on  CO*  production  made  it  clear.  Since 
then  the  experiments  on  susceptibility  have  been  repeated  many  times, 
not  only  with  KNC  but  with  various  other  agents.  This  later  work 
shows  that  the  susceptibility  of  ectoderm  and  body  wall  increases  from 
the  beginnir^  of  starvation,  while  the  susceptibility  of  the  alimentary 
tract,  not  only  as  compared  with  that  of  the  body  wall,  but  as  compared 
with  that  of  the  alimentary  traet  at  the  beginning  of  starvation  de- 
creases during  the  earlier  period  of  starvation,  but  in  the  advanced 
stages  increases,  thoi^h  it  remains  below  that  of  the  body  wall  until 
the  animals  are  fed,  when  it  soon  attains  the  relation  characteristic  of 
fed  animals.  These  experiraents  were  made  with  intact  animals,  where 
tjie  chemical  agents  must  pass  through  the  body  wall  to  reach  the  ali- 
mentary tract,  but  they  show  the  changes  in  relative  susceptibiUty  of 
tract  and  body  wall  and  the  differences  in  susceptibility  of  the  tract  at 
different  times.  Where  directly  exposed  at  cut  surfaces,  the  function- 
ally active  alimentarj'  tract  of  fed  animals  is  fully  as  susceptible  as  the 
body  wall,  that  of  starved  animals  less  susceptible  than  the  body  wall. 
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It  is  evident  then  that  when  alimentary  tract  aa  well  &a  body  wall  ia 
taken  into  account  in  determining  susceptibility,  the  data  on  suscepti- 
bility and  those  on  COi  production  are  not  in  conflict,  but  supplement 
and  confirm  each  other.  Taking  into  account  all  the  facte  at  present 
available,  the  following  interpretation  su^este  itself:  the  ectoderm  and 
body  wall,  which  mamtain  their  functional  activity  and  subsist  in  part 
upon  their  own  substance  from  the  be^nning,  show  a  gradual  increase 
in  rate  of  oxidation  during  starvation,  while  the  rate  of  oxidation  in  the 
alimentary  tract  undergoes  rapid  and  marked  decrease  in  the  sbeenoe 
of  food  and  probably  still  further  decrease  more  slowly,  as  the  reservea 
are  used.  Alimentary  tract  oxidation  in  well-^ed  ftnimftU  is  so  la^e  a 
part  of  total  oxidation  that  the  decrease  in  activity  of  the  alimentary 
tract  in  the  absence  of  food  brings  about  a  decrease  in  total  COi  producs- 
tion,  in  spite  of  the  probable  increase  in  COi  production  in  ectoderm 
and  body  wall.  Gradually,  however,  the  alimentary  tract  approaches 
a  minimiini  of  oxidative  activity,  and  as  its  substance  is  used,  its  rate 
of  COi  production  also  begins  to  rise.  Somewhere  in  the  course  of  these 
changes  increase  in  total  COi  production  begins  to  appear.  In  advanced 
stages  of  starvation  the  ectoderm  and  body  wall  are  functionally  active, 
while  the  alimentary  tract  is  quiescent,  consequently  the  animal  is 
youi^r  as  regards  susceptibility  of  ectoderm  and  body  wall  than  as 
r^ards  total  COi  production.  Feeding  after  starvation  alters  the  con- 
dition of  ectoderm  and  body  wall  but  little,  except  gradually,  as  growth 
occurs  again,  consequently  susceptibility  of  these  parts  is  but  tittie 
affected :  but  feeding  increases  greatly  the  metabolic  activity  of  the  ali- 
meatary  tract  and  so  increases  total  COt  production  to  a  marked  degree. 

This  interpretation  throws  no  further  light  upon  the  question  of  the 
increase  in  capacity  for  acclimation  following  feeding  after  Btarvaticm. 
It  may  be,  as  suggested  earher  (4),  that  this  capacity  is  associated  in 
some  way  with  nutritive  condition,  possibly  in  connection  with  the 
synthesis  of  protein  molecules  under  the  conditions  to  which  acclimation 
occurs,  so  that  capacity  for  acclimation  does  not  increase  until  the  ani- 
mal is  fed  after  starvation. 

If  this  interpretation  is  correct,  the  earher  conclusion  that  starvation 
brings  about  a  rejuvenescence  as  regards  rate  of  oxidation  holds  good, 
but  the  process  may  be  masked, at  least  as  regards  CQi  production, dur- 
ing the  earlier  stages  by  the  decrease  in  functional  activity  of  the 
alimentary  tract.  In  some  way  apparently  the  reentrance  into  metabo- 
lism of  substances  deposited  in  the  cells  during  growth  and  differentia- 
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tion  results  in  an  acceleration  of  the  fundamental  reactionB.  We  may 
interpret  this  change  in  terms  of  catalytic  action  and  its  products,  of 
changes  in  molecular  constitution,  of  f^gr^ation  of  colloids  or  perhaps 
in  other  terms,  but  whatever  these  terms  may  be,  it  seems  to  be  true 
that  growth  and  differentiation  are  associated  with  a  decrease,  and  re- 
duction and  dedifferentiation  with  an  increase  in  rate  of  the  fundamental 
reactions.  As  regards  starvation,  the  process  of  rejuvenescence  is  not 
complete  in  all  respects  untO  the  starved  animal  is  again  fed. 

E.  J.  Lund  (8)  and  B.  L.  Lund  (9)  have  recently  refmrted  that  during 
the  starvation  of  Paramecium  susceptibility  to  KNC  increases  while 
oxygen  consumption  decreases.  On  the  basis  of  these  observations  they 
conclude  that  susceptibility  to  cyanides  is  simply  a  matter  of  permeability 
and  independent  of  the  rate  of  oxidation.  As  I  have  stated  elsewhere  (5) 
the  susceptibility  of  Paramecium  and  various  other  infusoria  to  KNC  is 
determined  by  ectoplasmic  changes  for  it  is  impossible  to  determine 
with  certainty  when  the  entoplasm  is  affected  or  killed.  Whether  we 
take  cessation  of  movement  or  disintegration  of  ectoplasm  as  the  cri- 
terion, this  is  true,  when  the  ectoplasm  disintegrates  the  entoplasm 
flows  out  and  when  it  dies  cannot  be  determined  with  certainty.  There 
is  every  reason  to  believe  that  in  well-fed  Paramecium,  as  well  as  in 
Planaria,  ectoplasmic  oxidation  is  only  a  small  fraction  of  the  total  and 
that  in  the  absence  of  food  a  marked  decrease  in  oxidation  occurs  in 
the  entoplasm.  This  decrease  doubtless  determines  the  decrease  in 
total  oxygen-consumption  observed  by  Lund  while  conditions  in  the 
ectoplasm,  which  corresponds  functionally  to  ectoderm  and  body  waU 
of  Planaria,  bring  about  the  increase  in  susceptibility.  In  fact  the 
Lunds'  data  as  far  as  they  go  are  in  complete  ^reement  with  my  own 
investigations  on  Planaria,  and  as  I  have  pointed  out  above,  the  facts 
mdicate  that  the  discrepancy  between  the  data  on  susceptibility  and 
those  on  metabolism  is  only  apparent.  Their  conclusion  that  suscepti- 
bility to  cyanide  is  independent  of  rate  of  oxidation  is  therefore  not  at 
present  justified,  since  their  own  data  are  not  complete  as  regards  the 
difference  in  condition  between  ectoplasm  and  entoplasm,  and  in  the 
light  of  all  the  facts,  the  opposite  conclusion  seems  the  only  one  possible. 
Lund  presents  no  data  on  stages  of  starvation  in  Paramecium  compar- 
able to  the  late  stages  of  starvation  in  Planaria,  perhaps  because  Para- 
mecium being  a  single  cell,  dies  before  such  stages  are  attained.  Never- 
theless, the  fact  that  his  results  on  starvation  obtained  with  a  different 
organism  and  in  part  by  a  different  method,  agree  as  far  as  they  go  with 
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my  own  is  significant.*  Data  on  susceptibility  to  lack  of  oxygen  and  on 
oxygen  consumption  during  starvation  in  Planaria  will  be  presented  in 
later  papers. 

8UUHABT 

1.  COt  production  decreases  rapidly  during  the  first  few  days  of 
starvation  in  Planaria  and  continues  to  decrease  more  slowly  during 
several  weeks,  but  in  advanced  stages  of  starvation  it  increases. 

2.  The  more  rapidly  starvation,  and  particularly  the  reduction  of  the 
alimentary  tract  occurs,  the  more  rapidly  these  changes  in  COi  produc- 
tion take  place.  Fission  and  regulation  accelerate  the  progress  of 
starvation. 

3.  After  three  or  four  months  of  starvation  COj  production  is  at  least 
equal  to  or  greater  than  that  at  the  beginning  of  starvation. 

4.  Though  the  work  is  not  yet  completed,  the  data  already  obtained 
upon  the  effect  of  feeding  after  periods  of  starvation  show  that  feeding 
after  a  few  days  of  starvation  raises  the  COj  production  to  the  original 
level,  while  feeding  after  long  periods  of  starvation  and  reduction  raises 
the  COj  production  approximately  to  the  level  of  that  in  young  fed  ani- 
mals of  the  same  size  as  the  starved,  reduced  animals.  In  other  words, 
the  animals  reduced  by  starvation  and  then  fed  are  physiologically 
younger  than  at  the  beginning  of  starvation,  and  if  feeding  is  continued 
are  capable  of  undergoing  growth  and  physiological  senescence  again 
from  the  stage  represented  at  the  end  of  the  starvation  period. 

5.  Susceptibility  of  the  ectoderm  and  body  wall  increases  from  the 
beginning  of  starvation  while  susceptibility  of  the  alimentary  tract  at  first 
decreases  very  markedly  and  later  increases.  The  apparent  disagree- 
ment between  the  results  of  the  earher  susceptibihty  data  and  the  data 
on  CO2  production  is  accounted  for  by  the  great  decrease  in  functional 
metabolism  in  the  alimentary  tract  in  the  absence  of  food,  while  no  such 
decrease  occurs  in  body  wall  and  ectoderm.  In  the  earher  work  suscepti- 
bility was  measured  in  terms  of  ectoderm  and  body  wall  alone,  but 
when  the  susceptibihty  of  the  alimentary  tract  is  taken  into  account,  as 

■  Several  months  before  the  publication  of  hia  paper  Lund  was  informed  in 
personal  correspondence  of  the  results  of  my  work  on  starvation  in  Planaria  and 
the  interpretation  suggested  by  these.  In  this  correspondence  it  was  pointed 
out  that  the  apparent  discrepancy  between  [he  earlier  results  of  the  work  on  sus- 
ceptibility and  that  on  COj  production  was  accounted  for  by  the  fact  that  sUFcep- 
tibilily  was  measured  in  lermsof  ectoderm  and  body  wall,  while  the  data  on  COi 
production  concerned  Iota)  CO,  production. 
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in  later  work,  the  results  of  the  susceptibility  method  supplement  and 
confirm  the  data  on  COi  production.  All  the  facts  at  present  known 
indicate  that,  except  for  the  decrease  in  functional  metabolism  in  the  ali- 
mentary tract,  the  rate  of  oxidation  increases  during  starvation  in 
Planaria. 

BIBLIOGRAPHY 

(1)  CmLD;  Arch.  f.  EntwieUungamech.,  1911,  zxxi,  637. 

(2)  Child:  Journ.  Exper.  ZoGI.,  Idll,  xi,  221. 

(3)  Child:  Arch.  f.  Entwicklungsmech.,  1913,  xxxvii,  108. 

(4)  Child:  Ibid.,  1914,  xxxviii,  41S. 

(5)  Child:  Biol.  Bull.,  1914,  xxv,  36. 

(6)  Child;  Seneeceace  and  rejuveneacence,  Chicago,  1915. 
•  <7)  Haas:  Science,  1916,  xliv,  1125. 

(8)  Lund:  This  Journal,  1918,  xlv,  167. 

(9)  Lund:  Biol.  Bull,,  1918,  xxxv.  211. 

(10)  Tashiro:  A  chemical  sign  of  life,  Chicago,  1917, 


oy  Google 


THE  FUNCTION  OF  THE  NUCLEUS  OF  THE  LIVING  CELL 

VERNON  LYNCH 

From  the  Pky»iolofpcal  Laboratory  oj  the  Johns  Hopkiru  Univereity 

Received  for  publication  January  20,  1919 

HBTHOD 

Of  the  different  methods  which  have  been  employed  to  Bolve  the  prob- 
lem of  the  fimctioQ  of  the  cell  nucleus,  the  one  which  has  given  the  most 
illuminating  results  is  the  method  of  extirpation :  removing  the  nucleus 
and  comparing  the  enucleated  cell  with  a  normal  nucleated  cell.  In 
order  that  the  nucleus  may  be  removed  from  a  cell  or  that  a  cell  may  be 
cut  in  half,  it  is  necessary  or  at  least  expedient  that  a  cell  of  consider- 
able size  be  selected;  but  at  the  same  time  it  muBt  be  a  cell  which  can 
be  kept  alive  or  cultivated  for  several  generations,  if  necessaiy.  The 
cells  which  meet  these  requirements  most  exactly  are  certain  unicellu- 
lar organisms,  certain  protozoa.  Among  such  a  large  and  diverse  group 
of  organisniB  it  is  not  difficult  to  find  one  which  is  peculiarly  suited  for 
the  problem  at  hand.  For  the  experiments  which  follow,  Ameba  pro- 
tens  was  selected.  Owing  to  the  slow  movements  and  absence  of  shell 
in  this  organism,  it  can  readily  be  cut  in  half;  or  if  desired  the  nucleus 
may,  after  some  practice,  be  removed  with  as  little  as  one-tenth  or  less 
of  the  cytoplasm.  Moreover,  the  lack  of  differentiation  in  Ameba  is  s 
decided  advantage  for  we  are  certain  that  in  removing  part  of  the  cyto- 
plasm with  the  nucleus  we  are  removing  no  important  organ  of  the  cell. 
The  one  disadvantage  in  the  use  of  this  organism  is  the  difficulty  of 
cultivating  it.  Like  all  rhizopods,  amebas  are  difficult  to  raise;  but 
many  investigators  have  succeeded  in  keeping  healthy  cultures  in  the 
laboratory  for  years. 

In  view  of  the  difficulties  which  are  so  often  met  in  cultivating  ame- 
bas, it  may  not  be  out  of  place  to  add  one  more  method  to  those  which 
have  been  described  for  rearing  these  valuable  experimental  animals. 
It  is  almost  literally  true  that  each  investigator  has  a  method  of  raising 
amebas  which  no  one  can  use  except  himself.  This  is  not  surprising 
when  it  is  seen  that  "water"  is  employed  in  making  the  cultiu^s,  with 
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little  regard  for  ite  precise  character.  While  fusebas  may  floiimh  in 
the  water  of  one  locality,  they  ntay  quickly  die  in  the  water  of  another 
locality.  This  difficulty  was  avoided  by  the  use  of  distilled  water.' 
The  method  which  follows  is  based  upon  one  which  has  been  employed 
by  Miss  Hyman  of  the  University  of  Chicago. 

A  small  amount  of  hay,  including  both  stalks  and  leaves,  is  cut  into 
pieces  about  three  inches  long;  4  gm.  of  this  material  are  then  placed 
in  a  large  beaker.  To  this  is  added  0.2  gram  of  dry  bread  crumbs  and 
500  ce.  of  distilled  water.  The  material  is  boiled  for  a  few  minutes  and 
then  poured  into  flat  dishes  to  a  depth  of  1  to  2  cm.  The  dishes  are 
covered  to  keep  out  dust,  and  if  water  evaporates  from  them  it  can  be 
replaced  by  distilled  water.  After  the  infusion  has  cooled,  several  pi- 
pettes full  of  fluid  are  added  from  a  culture  which  contains  healthy  &iae- 
bas  or  from  a  pond  or  stream  where  amebas  are  found.  In  doii^  this 
care  is  taken  to  avoid  taking  up  any  of  the  sediment,  for  it  is  the  sedi- 
ment rather  than  the  supernatant  fluid  which  is  apt  to  contain  enemies 
to  Ameba.  This  inoculation  may  be  repeated.  In  the  course  of  two 
weeks  the  culture  becomes  cloudy  with  bacteria,  so^ea  and  small  cili- 
ates  and  flagellates,  the  food  of  Ameba.  A  small  dish  of  the  culture  fluid 
is  now  seeded  with  amebas,  care  being  taken  to  avoid  lai^  oi^anisms 
such  as  Crustacea  and  worms.  If  living  amebas  axe  not  present  a  week 
later,  more  of  the  fluid  containing  amebas  should  be  added.  Tlus  cul- 
ture is  used  to  inoculate  the  rest  of  the  infusion.  The  addition  of  a 
little  bay  occasionally  will  keep  the  lunebas  present  in  great  numbers. 
The  room  should  not  be  allowed  to  become  very  hot  or  very  cold. 

The  amebas  were  transferred  to  different  media  by  means  of  a  fine 
glass  capillary  pipette,  the  sharp  end  of  which  had  been  made  smooth 
by  passing  it  through  a  flame.  In  most  of  the  experiments  the  an! mala 
were  kept  in  drops  of  fluid  upon  slides  with  a  depression  at  each  end. 
The  slides  were  kept  in  a  moist  chamber  in  a  room  whose  temperature 
did  not  vary  greatly  from  SO'C.  For  cutting  the  amebas  in  half  or 
cutting  the  nucleus  away  from  the  rest  of  the  cell,  a  fine  glass  needle  was 
drawn  off  at  a  slight  angle  from  the  end  of  a  glass  rod.  The  cells  were 
dinded  under  a  binocular  microscope. 

Since  the  animals  would  not  live  long  in  the  tap  water  of  this  city,  a 
search  was  made  at  the  outset  for  a  solution  in  which  they  could  be  kept 
in  healthy,  active  condition.    Ten  amebas  were  removed  from  a  cul- 

■  The  prejudice  of  many  biologists  against  the  use  of  distilled  water  and  the 
prevalent  notion  that  it  is  toxic,  are  not  supported  by  experiments  upon  the  tox- 
icity of  distilled  water  (Daniel,  '08). 
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ture,  freed  from  food  material  and  debris  and  transferred  to  the  solu- 
tion to  be  tested.  Each  day  they  were  examined  and  transferred  to  a 
fresh  solution,  the  experiment  being  continued  until  all  of  the  animalo 
were  dead.  It  appeared  at  first  that  distilled  water  was  the  most  satis- 
factory medium  that  could  be  obtained.  Thus  ten  amebas  lived  (with- 
out food)  for  an  average  of  13.2  days  in  distilled  water,  whereas  ftpitPftlf 
kept  in  tap  water,  for  example,  soon  assumed  an  abnormal  appearance 
and  could  seldom  be  kept  aUve  longer  than  one  week.  But  it  was  later 
discovered  that  the  distilled  water  was  greatly  improved  by  the  addi- 
tion of  one-tenth  the  volume  of  spring  water.  Not  only  was  the  aver- 
age life  (14^  days)  somewhat  longer,  but  the  condition  of  the  animala 
during  this  time  was  greatly  improved.  In  the  distilled  water  the  ani- 
mals soon  cease  to  be  attached  to  the  bottom  and  are  hence  unable  to 
move  from  place  to  place  in  the  normal  manner;  but  in  the  "  10  per 
cent  spring  water,"  after  it  became  saturated  with  air,  they  remained 
attached  up  to  a  few  days  before  death.  The  spring  water  used  con- 
tained a  trace  of  calcium,  but  not  so  much  as  was  contained  in  the  tap 
water.  In  the  following  experiments  the  amebas,  unless  otherwise 
noted,  were  kept  in  the  10  per  cent  spring  water. 

RELATION  OF  THE   NUCLEnS   TO   MOVElfENT 

The  movement  of  normal  amebas  in  a  suitable  medium,  such  as  the 
dilute  spring  water,  when  placed  upon  a  glass  slide,  was  found  to  be  of 
the  limax  type.  The  ameba  is  attached  to  the  slide  by  means  of  some 
sticky  secretion  and  flows  steadily  forward,  sending  out  pseudopods  at 
the  anterior  end,  often  from  alternate  sides.  Frequently  amebas  are 
found  which  are  not  attached  to  the  shde  and  such  amebas  may  project 
pseudopods  in  any  direction,  but  are  unable  to  move  from  place  to 
place.  These  animals  will  in  time,  however,  adhere  to  the  slide,  unless 
they  are  abnormal  or  the  medium  is  unsuitable.  When  these  active 
amebas  are  stimulated  roughly,  as  by  pressure  with  a  glass  needle,  they 
retract  into  a  more  or  less  spherical  shape  and  small  droplets  of  proto- 
plasm may  be  seen  projecting  from  the  surface. 

The  effect  of  amputation  of  the  nucleus  upon  the  movement  of  the 
cell  may  be  seen  from  the  following  typical  experiment: 

3.21  p.m.  An  active  ameba  which  was  attached  to  the  glide  was  divided  into  two 
approximately  equal  parts,  the  nucleus  remaining  in  the  posterior 
half.    Both  parts  went  into  the  typical  condition  of  stimulation. 
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3.23  p.m.  Both  pieces  have  put  out  paeudopods  uid  Are  active,  but  the  non- 
nucleated  part,  which  was  cut  from  the  anterior  end,  is  much  more 
active  than  the  nucleated  and  posterior  p&rt. 

3.27  p.m.    Both  pieces  are  moving  in  the  typical  limax  fashion,  but  the  movement 

of  the  non-nudeated  piece  has  become  perceptibly  slower. 

3.28  p.m.    The  non-nucleated  piece  ceases  its  progresBive  moremente  and  slowly 

retracts  into  a  somewhat  corrugated  sphere.  Only  an  occasional, 
very  blunt  pseudopod  is  now  produced,  and  slight  agitation  shows 
that  the  fragment  is  no  longer  attached  to  the  slide.  The  nucleated 
piece  differs  from  a  normal  ameba  only  in  siie. 

The  letiactioD  into  the  spherical  shape  is  an  inyariable  phenomeDon 
and  is  of  such  a  definite  character  that  the  time  of  Ha  occurrence  may  be 
accurately  determined.  Thus  in  fifteen  lunebas  which  were  so  divided 
that  the  nucleus  remained  in  tfae  posterior  half,  the  retraction  occurred 
at  an  avera^^  of  nine  minutes  after  the  operation.  To  the  observer  it 
resembles  strongly  the  response  to  stimulation,  except  for  the  absence 
of  the  protoplasmic  dropleta  mentioned  above.  The  protoplasm  is 
capable  of  movement,  as  is  shown  by  transferring  it  tt>  another  mediiuu 
such  as  distilled  water,  to  which  it  responds  by  a  change  of  shape. 

This  effect  of  amputation  of  the  nucleus  upon  movement  is  not  al- 
ways permanent.  If  a  number  of  amebas  ore  cut  in  half  and  the  nu- 
cleated and  non-nucleated  pieces  observed  each  day,  it  will  be  noticed 
on  the  first  or  second  day  after  the  operation  that  many  of  the  non- 
nucleated  fragments  are  moving  in  the  typical  limax  fashion,  and  in  fact 
there  is  sometimes  no  great  difference  between  the  movements  of  the 
nucleated  and  the  non-nucleated  pieces.  Slight  agitation,  however, 
shows  that  the  non-nuclear  amebas  are  scarcely  attached  to  the  slide; 
the  slightest  disturbance  serves  to  dislodge  them.  This  fact,  which 
must  be  due  to  tHe  failure  to  produce  the  sticl^  secretion,  is  probably 
partly  responsible  for  the  difference  in  movement  between  the  nuclear 
and  the  non-nuclear  parts. 

The  fact  that  a  non-nucleated  luneba  may,  under  any  conditions, 
exhibit  normal  movemtots,  justifies  us  in  concluding  that  the  nucleus 
is  not  necessary  for  movement.  In  Ameba,  however,  movement  is 
affected  in  some  indirect  way  by  removal  of  the  nucleus. 

THE   BUBVIVAL  OF  THE   NON-NUCLEATED   CELL 

All  observations  made  upon  cells  which  have  been  deprived  of  their 
nuclei  pcove  conclusively  that  non-nucleated  protoplasm  is  destined  to 
die  without  growing  or  dividing.    But  in  most  cases,  particularly  in 
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Amebs,  it  has  been  impoesible  to  get  this  protoplasm  to  take  in  food, 
and  evea  that  food  which  is  already  included  in  the  protoplasm  is  hut 
imperfectly  digested.  Consequently  it  is  fairer  to  compare  the  eur- 
vivsl  of  an  enucleated  cell  with  one  which  has  been  isolated  without 
food  rather  than  with  an  actively  feeding  cell.  When  this  is  done  it  is 
found  that  the  non-nucleated  cell  lives  almost  as  long  as  the  nucleated 
one,  provided  there  ia  no  difference  in  size.  If  an  ameba  is  cut  into  un- 
equal part«,  the  nucleus,  owing  to  its  central  position,  will  usually  be 
found  In  the  larger  part.  Since  large  fr^ments  hve  longer  than  small 
ones,  special  care  must  be  taken  to  avoid  a  difference  in  size. 
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Fifteen  amebas  were  cut  in  half  and  both  halves  were  kept  without 
food  in  cither  distilled  water  or  in  water  taken  from  the  culture.  The 
number  of  days  which  each  piece  lived  after  the  operation  is  given  in 
the  above  table. 

It  will  be  noted  that  in  some  cases  the  non-nucleated  fragments  lived 
as  lonR  as  those  which  contained  nuclei.  In  fact  by  cutting  the  ameba 
in  such  a  way  that  the  piece  containing  the  nucleus  was  smaller  than 
the  piece  which  lacked  it,  the  non-nucleated  piece  could  be  made  to 
outUvc  the  nucloated  one.  Thus  ten  amebas  were  divided  in  such  a 
way  that  the  nucleated  piece  wa.'^  from  one-h.ilf  to  one-fourthihe  size 
of  the  other  piece.    The  results  are  tabulated  below; 
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We  may  conclude  that  a  cell  deprived  of  its  nucleus  may  survive  as 
long  as  a  cell  deprived  of  food. 

THE   NUTRITION   OF  AMEBA;  THE    USB   OF  SUBSTANCES   IN  SOLUTION 

The  apparent  resemblance  of  enucleated  amebas  to  amebas  deprived 
of  food  BU^ested  that  some  of  the  phenomena  exhibited  by  the  non- 
nucleated  cell  might  be  the  result  of  starvation  and  have  no  direct  con- 
nection with  the  absence  of  a  nucleus.  Accordingly,  an  attempt  was 
made  to  supply  the  amebas  with  adequate  food  substances.  Since  it 
was  not  possible  to  get  the  enucleated  organisms  to  take  in  food  par- 
ticles, an  effort  was  made  to  provide  a  medium  in  which  amebas  could 
be  nourished  by  the  absorption  of  substances  in  solution. 

It  has  been  pointed  out  (Burrows  and  Neymann,  '17)  that  no  artificial 
synthetic  medium  has  ever  been  provided  which  was  adequate  to  nour- 
ish an  animal  cell  although  the  blood  and  lymph  apparently  constitute 
a  natural  synthetic  medium  for  the  cells  of  higher  organisms.  Even 
cells  cultivated  in  vitro  depend  upon  the  autolysis  of  neighboring  cells 
for  their  nourishment,  and  the  attempt  to  cultivate  protozoa  in  nutri- 
tive organic  media  has  met  with  complete  failure  (Biedermann,  '16; 
Doflein,  '11).  In  the  hght  of  recent  experiments  in  nutrition,  however, 
it  seems  possible  that  such  negative  results  may  be  due  to  the  failure  to 
supply  certain  substances  which  are  necessary  for  proper  nutrition. 
An  attempt  was  therefore  made  to  provide  an  adequate  medium  for 
the  primitive  animal  cell,  Ameba  proteus. 

Since  amebas  were  found  to  move  more  normally  and  to  live  longer  in 
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distilled  water  to  which  had  been  added  one-tenth  the  volume  of  spring 
water,  this  "  10  per  cent  spring  water"  was  used  in  mulring  all  solutioDB. 
Various  carbon  compounds,  including  several  sizars,  were  now  tested 
with  the  hope  of  finding  a  source  of  energy. 
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The  method  used  was  as  follows:  A  number  of  amebas  were  se- 
lected from  the  same  culture  and  freed  from  food  and  bacteria  by  trans- 
ferring repeatedly  to  fresh  solutions  of  10  per  cent  spring  water.  They 
were  then  transferred  to  slides,  placing  ten  in  10  per  cent  spring  vi&ter 
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as  a  control,  and  ten  in  each  of  the  solutions  to  be  tested.  The  ftP'mnl" 
were  examined  and  counted  each  day,  washed  in  water  and  transferred 
to  fresh  solutions  to  prevent  the  development  of  bacteria.  The  most 
promising  substances  found  were  the  hexoees,  glucose  and  levuloee,  the 
effect  of  which  may  be  seen  in  the  preceding  experiment. 
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*  The  increase  io  Dumber  shown  in  this  and  subsequent  tables  is  the  result  of 
the  division  of  certain  of  the  ainebaa. 

Not  only  did  the  amebas  live  longer  in  the  sugar  solutaons  but  during 
the  early  part  of  the  experiment  they  were  much  more  active.  At  the 
end  of  a  week,  however,  many  of  the  amebas  began  to  take  on  an  opaque 
appearance  and  ceased  normal  movements.    The  substance  which  was- 
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formerly  a  food  now  acted  ae  a  poison.  Child  ('15)  has  shown  that  sus- 
ceptibility to  poisons  increases  during  starvation. 

Although  these  cultiues  were  not  sterile,  it  was  possible  to  keep  the 
bacteria  from  becoming  numerous  and  thus  prevent  their  becoming 
an  appreciable  source  of  food  for  the  amebas. 

Having  found  a  carbohydrate  food  for  Ameba,  a  eearch  was  now 
made  for  a  source  of  nitrogen.  In  such  a  primitive  cell  the  possibility 
that  simple  compounds  of  nitrogen  may  be  used  at  once  suggests  itself. 
Of  various  compounds  of  nitrogen  which  were  tried,  the  best  results 
were  obtained  with  ammonium  nitrate  and  urea ;  and  of  these  two,  urea 
was  much  the  better  owing  to  its  comparatively  low  toxicity.  The  ef- 
fect of  these  substances  is  seen  in  the  preceding  experiment.  {The  com- 
paratively short  life  of  the  animals  is  to  be  attributed  to  the  use  of  an 
inferior  culture.) 

That  these  compounds  are  of  some  use  to  the  amebas  is  indicated 
by  the  increased  length  of  life  when  they  are  added  to  the  solution; 
but  that  they  are  not  an  adequate  source  of  nitrogen  is  indicated  by  the 
fact  that  the  animals  eventually  die  and  that  no  growth  can  be  de- 
tected. The  shrinkage  caused  by  the  glucose  would  render  the  de- 
tection of  growth  difficult  even  if  present. 

Of  special  interest,  however,  are  the  three  cases  of  cell  division  in  the 
urea  solution.  Although  hundreds  of  amebas  have  been  kept  under 
daily  observation  until  they  were  completely  disintegrated,  no  single 
case  of  cell  division  was  ever  observed  unless  food  substances  were 
supplied;  and  with  two  possible  exceptions,  no  division  was  observed 
unless  a  source  of  nitrogen  was  added.  On  the  other  hand,  divisions 
have  been  repeatedly  observed  in  solutions  containing  urea  or  certain 
amino  acids.  That  the  division  is  not  simply  the  result  of  the  stimulat- 
ing action  of  the  urea  upon  the  protoplasm  is  shown  by  the  efEect  of 
■urea  solutions  to  which  no  glucose  is  added.  In  such  solutions  the  ame- 
bas not  only  do  not  divide,  but  they  die  more  quickly  than  in  water 
alone.  Urea  in  the  absence  of  glucose  is  simply  a  mild  poison  but  when 
urea  and  glucose  are  used  together,  the  animals  live  longer,  have  a  more 
normal  appearance  and  may  even  reproduce.  The  necessity  of  using 
the  two  substances  together  indicates  that  they  are  built  up  or  com- 
bined to  form  some  more  complex  substance  which  is  of  use  to  the 
organism. 

If  this  is  a  true  case  of  organic  synthesis,  Jt  would  be  interesting  to 
see  whether  it  occurs  in  the  cell  which  has  been  deprived  of  its  nucleus, 
in  order  to  throw  light  upon  the  supposed  synthetic  function  of  the 
nucleus.     This  point  is  taken  up  later. 
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HaTiDg  failed  to  obtain  growth  with  simple  compoundB  of  nitri^en, 
tbe  orgaoiaina  were  now  supplied  with  amino  acids.  The  use  of  simple 
amino  acids  was  not  promising.  Some  reproductioii  was  obtained  with 
a  saturated  solution  of  tyrosin,  but  the  animals  soon  died.  A  mixture 
of  amino  acids  was  then  prepared  in  the  following  way: 

Five  grams  of  Hammarsten's  casein  was  heated  for  twenty  hours  with 
100  cc.  of  a  molecular  solution  of  sulphuric  acid.  The  hydrolysis  was 
performed  on  a  water  bath  in  a  flask  fitted  with  a  reflux  condenser.  At 
the  end  of  tbe  hydrolysis,  when  the  solution  do  longer  gave  the  biuret 
reactioa,  a  saturated  solution  of  barium  hydroxide  was  added  until  the 
reaction  was  slightly  alkaline,  and  the  solution  boiled  to  remove  am- 
monia. Dilute  sulphuric  acid  was  added  until  the  reaction  was  very 
sUghtly  acid,  and  the  solution  filtered  hot.  The  barium  sulphate  pre- 
cipitate, which  had  absorbed  much  of  the  humus  substance,  was  not 
washed.  The  solution  was  exactly  neutrahzed  with  sodium  hydroxide, 
and  the  resulting  fluid,  whose  volume  was  700  cc,  was  clear  and  straw- 
colored  and  had  a  bitter-sweet  taste.  The  reactions  for  barium,  calcium, 
iron,  reduced  sulphur  and  tryptophane  were  negative;  phosphate  was 
present  and  tbe  xantbo-proteic  reactioa  was  positive.  When  exposed 
to  the  air,  bacteria  developed  with  remarkable  rapidity.  The  solu- 
tion was  not  toxic  to  amebas  when  evaporated  to  one-half  the  volume, 
but  evaporation  to  one-fifth  tbe  volume  resulted  in  a  solution  which  was 
slightly  toxic.^ 

This  solution  of  amino  acids  lacks  glycine,  which  is  absent  in  casein, 
and  tryptpphane  and  cystine,  which  were  destroyed. 

In  cultivating  amebas  in  this  solution  it  was  difficult  to  prevent  the 
development  of  bacteria,  but  a  method  was  devised  which  served  to 
exclude  them  almost  completely.  The  amebas  were  washed  five  to  ton 
times  in  sterile  water,  and  the  slides  upon  which  they  were  kept  were 
boiled.  The  culture  solutions  were  kept  in  small  flasks  fitted  with  cap* 
illary  tubes.  By  inverting  the  flask  and  warming  with  the  hand,  a  few 
drops  could  be  placed  upon  the  slide.  After  using,  the  flask  was  boiled 
and  a  test  tube  placed  over  its  neck.  The  cultures  were  examined 
daily,  the  amebas  washed  in  sterile  water  and  transferred  to  new 
solutions. 

The  hydrolyzed  casein  solution  proved  to  be  a  fairly  good  medium  in 
which  cases  of  cell  division  were  occasionally  observed,  but  there  was 

*  The  toKirity  of  amino  acids  ol>Hcrvcd  by  Burrows  and  Neymann  ('17)  upon 
embryonic  chicken  cells  was  probaMy  due  to  the  relatively  eonccntrated  solutions 
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never  any  gtowtb  and  the  changes  which  preceded  death  could  be  seen 
in  about  ten  days.  The  addition  of  glucoae  resulted  in  some  improve- 
ment but  it  did  not  prevent  death. 


■See  footnote  to  Uble,  p.  266. 
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*  See  footnote  to  table  p.  '. 
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Since  this  death  might  be  due  to  the  absence  of  Bome  foodstuff,  vari- 
ous subfitances  were  added  to  the  "diet."  The  addition  of  various  salts 
was  tried  but  do  improvement  was  observed.  Cystine  and  tryptophane, 
so  important  in  the  nutrition  of  higher  animab,  were  added  to  the  solu- 
tion in  concentrations  which  were  shown  not  to  be  toxic.  A  small  amount 
of  milk  was  added  to  provide  the  unknown  "acceesory"  food  substances, 
and  also  certain  salts  (see  lower  table  on  pt^  268). 

No  synthetic  medium  was  found  for  Ameba  proteus.  The  failure 
may  be  due  to  some  peculiarity  of  the  cell,  such  as  ite  enonnous  size, 
or  to  a  low  permeability. 

TBB    NUTBinON   OF  THE  NON-NUCLEATED  CELL 

Since,  as  was  shown  above,  glucose  prolongs  the  life  of  amebas  and 
apparently  acts  as  a  food,  it  would  be  interesting  to  know  whether  it 
has  a  similar  effect  upon  the  cell  from  which  the  nucleus  has  been  re- 
moved. To  determine  this,  the  nucleus  was  removed  from  a  number 
of  amebas,  care  being  taken  to  remove  as  little  cytoplasm  as  possible. 
Under  favorable  circumstances  it  is  possible  to  cut  the  nucleus  from  the 
cell  without  removing  more  than  one-tenth  of  the  cytoplasm.  Some 
of  the  enucleated  amebas  were  now  transferred  to  water  while  an  equal 
number  of  others  of  equfd  siEe  wece  kept  in  glucose  solutions.  The  usual 
precautions  were  taken  to  prevent  the  development  of  bacteria. 
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Although  the  amebas  kept  in  glucoee  lived  somewhat  longer  than  the 
controls,  the  effect  was  not  very  striking.  Since  tha?e  are  great  differ- 
ences  between  different  amebas,  even  when  selected  from  the  same  cul- 
ture, a  somewhat  more  satisfactory  experiment  was  performed  as  fol- 
lows: The  nucleus  was  removed  from  a  number  of  amebas  and  then  the 
amebas  were  divided  in  half.  One-half  was  placed  in  water,  as  a  con- 
trol, while  the  other  half  was  kept  in  a  solution  of  glucose. 
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The  non-nucleated  cells  live  longer  in  glucose  solutions  and  probably 
use  it  as  a  food.  This  is  in  agreement  with  the  work  of  Rous  and 
Turner  ('15),  who  used  glucose  for  the  preservation  of  the  non-nucleated 
red  blood  corpuscles. 

If  the  life  of  the  non-nucleated  cell  is  prolonged  by  the  use  of  glucose, 
is  it  further  prolonged  by  the  use  of  urea  or  ammonium  nitrate? 

The  nucleus  was  removed  from  twenty-nine  unebaa,  and  after  wash- 
ing, ten  were  placed  in  glucose,  ten  in  glucose  plus  urea,  and  nine  in 
glucose  plus  ammonium  nitrate  (see  lower  table  on  page  270). 

Thus  in  the  non-nucleated  cell,  the  addition  of  urea  to  the  glucose 
was  not  beneficial;  on  the  contrary  it  was  harmful.  The  addition  of 
the  ammonium  nitrate  was  without  effect. 

Evidence  was  offered  above  that  the  normal,  nucleated  ameba  was 
able  to  form  some  combination  between  glucose  and  urea  (or  some  de- 
rivative of  urea).  If  it  is  true  that  the  beneficial  effect  of  glucose  plus 
urea  depends  upon  a  synthesis,  we  may  conclude  that  the  non-nucleated 
cell  is  unable  to  perform  this  synthesis. 

RESPIRATION  m  THE  NON-NUCLEATED  CELL 

It  has  been  suggested  (Loeb,  '05)  that  the  nucleus  is  the  organ  of  oxi- 
dation of  the  livii^  cell  and  that  peculiarities  of  the  non-nucleated  cell, 
such  as  lack  of  the  power  to  synthesize  or  to  regenerate  lost  parts,  are 
the  result  of  the  lowered  oxidative  activity.  The  non-nucleated  pieces, 
it  is  said,  "die  slowly  from  asphyxia." 

If  this  theory  is  true,  we  should  expect  to  find  a  marked  difference 
between  the  effect  of  depriving  the  non-nucleated  cell  of  oxygen  and 
the  effect  of  depriving  the  nucleated  cell  of  oxygen.  We  should  expect 
the  cell  in  which  oxidations  were  occurring  most  rapidly  to  be  most  af- 
fected by  its  removal,  whereas  the  cell  which  was  using  very  httle  oxy- 
gen should  not  be  greatly  affected.  According  to  Child  ('15)',  regions 
in  which  respiration  is  rapid  are  more  susceptible  to  lack  of  oxygen 
and  die  sooner  than  regions  in  which  respiration  is  slower. 

The  effect  of  depriving  the  nucleated  and  non-nucleated  cells  of  oxy- 
gen was  investigated  in  the  following  manner:  Five  or  more  amebas 
were  divided  into  two  pieces  of  as  nearly  equal  size  as  possible.  After 
leaving  them  for  a  longer  or  shorter  period  in  air,  they  were  placed  in 
hanging  drops,  side  by  side,  in  an  Engelmann  gas-chamber.  Nitrogen, 
which  had  been  washed  in  water,  was  then  passed  through  the  chamber, 
and  this  atmosphere  was  maintained  until  the  death  of  the  ot^anisms. 
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In  the  third  experiment  the  nitrogen  was  first  bubbled  from  a  capillary 
tube  through  strongly  alkaline  pyrogallic  acid,  to  remove  poBsible  traces 
of  oxygen.  In  the  first  experiment,  the  temperature  of  the  water  jacket 
surrounding  the  chamber  was  raised  to  26''C.  in  order  to  accelerate  the 
experiment.     The  other  experiments  were  performed  at  20°C. 


Experiment  I 
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Thus  there  is  a  distinct  difference  in  the  susceptibility  to  lack  of  oxy- 
gen in  the  nucleated  and  non-QucIeat«d  cell,  but  this  difference  is  just 
the  opposite  to  what  we  should  expect  if  oxidations  were  proceeding  more 
rapidly  in  the  nucleated  half.  Not  only  does  the  non-nucleated  cell  die 
more  quickly  when  deprived  of  oxygen,  but  it  is  the  first  to  assume  a 
spherical  shape  and  to  cease  putting  out  pseudopods. 

The  opposite  experiment,  that  of  increasing  the  supply  of  oxygen, 
is  also  of  interest.  Were  it  true  that  in  removing  the  nucleus  we  have 
removed  the  organ  of  oxidation,  and  that  the  cell  is  slowly  dying  of 
asphyxia,  it  should  be  possible  to  delay  the  death  of  the  non-nucleated 
cell  by  supplying  it  with  more  oxygen.  On  the  contrary,  it  was  found 
that  when  the  nucleated  and  non-nucleated  halves  of  amebas  were  kept 
in  an  atmosphere  of  oxygen,  both  died  in  less  than  twelve  hours  and 
the  non-nucleated  pieces  were  killed  quite  as  rapidly  as  those  which 
contained  nuclei. 
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The  experiment  was  performed  in  the  following  manner:  Five  amebas 
were  cut  in  half  with  a  fine  glass  needle,  and  each  half  was  transferred 
to  a  hanging  drop  in  a  gas  chamber.  Oxygen  which  had  been  thoroughly 
washed  v/as  now  passed  through  the  chamber  and  the  orgamams  kept 
imder  observation  until  all  had  disintegrated.  The  animals  were  di- 
vided at  10  a.m.    Oxygen  was  passed  through  at  10.30  a.m. 
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The  injurious  action  of  oxygen,  which  is  doubtless  the  result  o'  an 
increase  in  the  oxidations  of  the  cell,  took  effect  somewhat  more  rapidly 
upon  the  cell  which  lacked  a  nucleus.  It  is  difficult  to  see  how  a  cell 
could  be  killed  in  a  few  hours  by  an  atmosphere  of  oxygen  if  its  oxida- 
tions have  become  depressed. 

THE  EFFECT  OF  TEMPERATURE  UPON   THE  NON-NUCLEATED  CELL 

In  the  experiments  hitherto  reported,  a  fairly  constant  temperature 
of  20°C.  had  been  maintained.  An  attempt  was  now  made  to  deter- 
mine the  effect  of  temperature  upon  the  nucleated  and  non-nucleated 
cells,  with  the  hope  of  discovering  a  possible  difference  in  the  rate  at 
which  chemical  changes  were  occurring  in  the  two  cells.  Two  meth- 
ods of  investigation  suggest  themselves; 

1.  The  temperature  of  the  medium  may  be  gradually  raised  imtil 
death  occurs. 

2.  The  organisms  may  be  kept  at  a  rather  high  temperature  and  ob- 
served until  death  occurs. 

Both  of  these  methods  were  used  in  the  order  named. 

In  the  first  method  amebas  were  placed  upon  a  Pfeiffer  warming 
stage,  through  which  water  of  any  desired  temperature  could  be  passed. 
After  dividing  the  ameba  into  two  equal  parts,  the  temperature  of  the 
warming  stage  was  raised  at  the  rate  of  about  one  degree  Centigrade 
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per  minute.  The  rate  at  which  the  temperature  is  raised  is  of  impor- 
tance for  by  raiaii^  the  temperature  rapidly  the  organisms  may  be 
killed  at  a  comparatively  low  temperature.  As  the  temperature  rises, 
the  amebas  soon  withdraw  all  of  their  pseudopods  and  assume  a  spheri- 
cal shape.  This  does  not,  however,  indicate  the  death  of  the  organism 
for  if  at  this  point  the  temperature  is  slowly  lowered  to  20''C,  the  animals 
will,  in  a  few  hours,  send  out  pseudopoda  and  resume  normal  movement. 
If  the  temperature  is  raised  high  enough,  the  cells  will  either  disintegrate 
completely  or  coagulate,  with  the  result  that  the  cell  boundary  can  no 
longer  be  seen.  The  temperature  at  which  the  spherical  shape  was 
assumed  and  the  temperature  at  which  death  occurred  are  recorded 
below. 


■FHCaiCU.  BHAn  IWlTHaD 
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50 
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3 

40 

40 

47 

52 

4 

39 

44 

49 

48 

Average 

39.5 

40.2 

49.2 

50.1 

The  effect  of  gradual  cooling  was  not  so  easily  determined.  When 
the  temperature  of  the  fluid  was  lowered  greatly  and  even  under-cooled, 
there  was  no  injury  provided  crystalUzation  did  not  takd  place.  When 
the  solution  crystallized,  however,  as  the  result  of  adding  a  small  crys- 
tal of  ice,  the  amebas  were  injured  mechanically  and  disintegrated  as 
soon  as  the  crystals  melted. 

But  the  effect  of  cooling  could  be  shown  in  a  somewhat  different 
manner.  The  nucleated  and  non-nucleated  parts  of  an  ameba  were 
slowly  warmed  to  44'C.  and  then  cooled  in  ten  minutes  to  22''C.  Two 
minutes  later  both  fragments  disintegrated  at  the  same  time,  the  result 
of  the  rapid  cooling. 

Thus  no  difference  could  be  found  in  the  susceptibility  of  the  nuclear 
and  non-nuclear  fragments  to  a  rise  or  fall  of  temperature.  The  other 
method  was  now  employed:  keeping  amebas  at  different  temperatures 
until  death  occurred. 

Eleven  amebas  were  freed  from  food  particles  and  debris  and  divided 
into  two  equal  parta.  Both  the  nuclear  and  non-nuclear  fragments  were 
kept  in  a  moist  chamber  at  an  average  room  temperature  of  20''C. 
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Thus,  as  was  shown  before,  the  life  of  the  non-nuclear  fragment  at 
ordinary  temperature  is  ^moet  as  long  as  that  of  the  nuclear  fragment. 

Ten  amebas  were  now  divided  and  each  placed  in  a  moist  chamber 
which  was  kept  in  a  thermostat  at  WO. 


Experimenl  S. 

SO'C. 

„,. 

»™.«<.r. 

«.«.u™<, 

NiwlMUd 

Non-DuclMlad 

10 
10 
9 
9 
9 
6 
5 
3 
3 
3 
1 
0 

e.O  days 

2.4  days 

,}Google 


FUNCTION  OF  NUCLBDB  OF  LIVINQ  CELL 


277 


Apparently  the  life  of  the  nuclear  fragmenta  was  not  shortened  by 
exposure  to  h^  temjwrature,  but  this  was  probably  due  to  the  use  of 
healthier  amebaa  in  experiment  2.  Further  experiments  showed  that 
the  life  of  nucleated  amebas  was  shortened  by  raising  the  temperature 
but  the  life  of  non-nuclear  amebas  was  shortened  somewhat  more. 

Twelve  amebas  were  now  divided  and  placed  in  a  moist  chamber  at 
lO'C.  The  moist  chamber  was  allowed  to  warm  slowly  to  room  tem- 
perature before  removing  the  shde  for  examination. 
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The  life  of  both  fn^ments  was  prolonged  by  cold  in  this  case  but  in 
two  other  cases  it  was  distinctly  ^ortened.  This  may  have  been  dua 
to  the  use  of  different  cultures. 

If  susceptibility  to  high  or  low  temperature  may  be  used  as  an  index 
to  the  rate  of  metabolism,  there  is  no  very  great  difference  between  the 
two  fragments.  There  is  some  evidence  that  cells  in  which  metabolic 
processes  are  rapid  show  a  greater  susceptibility  to  h^  temperature 
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than  do  oells  witii  a  low  Dwtabcdism  (Child,  '15,  p.  66).  If  this  ib  true, 
there  is  some  slight  indicatioD  ctf  a  more  rapid  metabolian  id  the  Dcm- 
nuclear  fragment. 

UBTABOLIC  RATE   IN  THE   NON-^fUCLEATED   CEU. 

The  rate  at  vhidi  metabc^c  processes  are  occumog  in  different  partB 
of  an  oi^nisni  or  tissue  has  been  very  sucoessfully  studied  by  detemuB- 
ing  their  susceptibility  to  various  poisons,  especially  to  potassium  cya- 
nide (Child,  '13,  '15).  Child  has  brought  together  a  great  deal  of 
direct  and  indirect  evidence  to  show  that,  in  general,  regions  of  hi^ 
metabolism  are  more  susceptible  to  poisons  than  ue  re^ons  of  low  me- 
tabolism. Accordingly,  the  susceptibitity  of  the  nucleated  and  non- 
nucleated  cell  was  investigated  with  a  view  to  determinii^  how  the* 
rate  of  metabolism  was  affected  by  the  removal  of  the  nucleus. 

The  amebas  were  cut  in  half  and  one  hour  after  the  operation  they 
M 
were  transferred  to  a  fresh  —  solution  of  KCN  upon  a  hoUow^round 

glass  slide.  The  drop  of  aolution  was  immediately  covered  wit^  a 
cover  slip  to  prevent  the  escape  of  HCN.  Since  this  could  not  be  en- 
tirely prevented,  the  solution  gradually  became  weaker  and  as  a  result 
those  amebas  which  were  not  killed  in  two  or  three  minutes  usually 
Uved  for  more  than  an  hour.  Since  small  fr^ments  of  Ameba  w^e 
found  to  be  more  susceptible  than  large  ones,  an  effort  was  msde  to 
divide  the  amebas  into  equal  parts.  After  more  than  fifty  Amebas  had 
been  treated  with  cyanide,  it  was  obvious  that  some  imknown  facter 
was  playing  a  part  in  the  death  of  the  organisms ;  for  although  the  non- 
nucleated  fragments  usually  succumbed  first,  there  were  many  conspc- 
uous  cases  in  which  the  nucleated  part  died  much  soonec  It  seined 
possible  that  the  unknown  factor  might  be  the  difference  between  the 
anterior  and  posterior  'end.  The  amebas  were  divided  when  they  were 
moving  along  the  bottom  in  the  "limax"  condition,  and  in  some  cases 
the  non-nuclear  fragment  was  taken  from  the  flowing  anterior  end 
while  in  other  cases  it  was  taken  from  the  retracting  posterior  end.  In 
order  to  determine  whether  this  made  a  difference,  a  number  of  amebas 
were  divided  in  such  a  way  that  the  nucleus  remained  in  the  anterior 
half,  while  others  were  so  divided  that  the  nucleus  remained  in  the 
posterior  half. 

The  number  of  minutes  which  the  nuclear  and  non-nuclear  fragments 
were  able  to  withstand  treatment  with  cyanide  is  tabulated  below: 
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When  the  nucIeuB  was  in  the  anterior  end,  the  non-nuclear  fragment 
died  first  in  19  caaea,  the  nuclear  fragment  died  first  in  7  caaea  and  in  the 
remuning  4  cases  each  part  disintegrated  at  about  the  same  time.  When 
the  BUcleuB  was  in  the  posterior  end,  however,  the  nuclear  fragment 
was  never  the  first  to  disintegrate ;  the  death  of  both  fragmente  occurred 
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at  the  same  time  in  two  instances,  and  in  the  remaining  22  cases  the 
non-nuclear  fragment  was  the  first  to  disintegate.  The  compUcating 
factor  is  now  understood.  The  anterior  end  of  Ameba  is  more  suscepti- 
ble to  cyanide  than  the  posterior  end.  Essentially  the  same  conclusion 
was  reached  by  Miss  Hyman  ('17)  in  an  investigation  of  the  metabolic 
gradient  in  Ameba. 

When  the  non-nucleated  half  is  taken  from  the  posterior  end,  its 
greater  susceptibility  to  cyanide  is  not  very  definite  because  of  the  dif- 
ference which  exists  between  the  anterior  and  posterior  ptils.  When 
this  disturbing  factor  is  removed,  however,  by  cutting  the  non-nuclear 
fragment  from  the  anterior  end,  the  non-nuclear  fragment  is  seen  to 
be  much  more  susceptible  to  cyanide  than  the  nuclear  fragment. 

The  same  difference  in  susceptibility  between  the  nucleated  and  non- 
nucleated  cells  was  foimd  when  they  were  kept  for  twenty  hours  after 
the  operation  before  treatment  with  cyanide. 

Whether  we  can  conclude  that  the  rate  of  metabolism  is  increased  by 
removal  of  the  nucleus  is  doubtful.  It  is  possible  that  removal  of  the 
nucleus  decreases  the  resistance  to  cyanides  for  some  other  reason. 
But,  at  any  rate,  the  evidence  such  as  it  is  opposed  the  view  that  respi- 
ration and  metabolism  are  depressed  by  removal  of  the  nucleus. 

BUMUART  AND  CONCLUSIONS 

1.  An  ameba  from  which  the  nucleus  has  been  removed  may  at  times 
exhibit  perfectly  normal  movement;  in  general,  however,  movement  is 
somewhat  affected  by  removal  of  the  nucleus. 

2.  An  ameba  deprived  of  its  nucleus  lives  almost  as  long  as  an  ameba 
deprived  of  food. 

3.  Evidence  is  offered  that  Ameba  can  use  glucose  in  solution  as  a 
food.  There  is  also  evidence  that  Ameba  can  synthesize  glucose  and 
urea,  or  some  derivatives  of  these  substances,  to  form  a  product  which 
is  of  nutritive  value. 

4.  Glucose  is  also  of  some  benefit  to  the  enucleated  ameba  but  the 
supposed  synthesis  of  glucose  and  urea  can  not  be  performed. 

5.  The  non-nucleated  cell  is  injured  more  quickly  by  either  a  lack 
or  an  excess  of  oxygen  than  is  the  normal  nucleated  cell. 

6.  The  non-nucleated  cell  is  somewhat  more  susceptible  to  high  or 
low  teriiperature  than  the  nucleated  cell. 

7.  The  non-nucleated  cell  is  more  susceptible  to  cyanide  than  the 
nucleated  cell. 
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DISCUSSION 

There  are  two  important  theories  of  nuclear  fuBction:  the  theory  of 
»yrUhe»ia  and  the  theory  of  oxidation.  Accordii^  to  the  former  theory, 
the  non-nucleated  cell  is  unable  to  construct  or  synthesize  new  sub- 
stances; while  according  to  the  latter,  it  is  more  or  less  unable  to  oxidize 
the  substances  already  present.  In  reviewing  the  experiments  here 
reported  it  is  seen  that  they  not  only  offer  stroi^  evidence  for  the 
validity  of  the  synthesis  theory,  but  they  constitute  a  practical  proof 
that  the  oxidation  theory  is  not  correct. 

From  the  outset  there  has  been  no  satisfactory  evidence  in  support 
of  the  oxidation  theory.  It  was  apparently  suggested  by  some  experi- 
ments reported  l^  Spitzer  ('97).  Spitzer  obtained  from  various  cells 
a  preparation  of  nucleoprotein  which  centred  a  small  amount  of  iron 
and  which  had  the  property  of  decomposing  hydrogen  peroxide.  From 
this  it  has  been  concluded  not  only  that  all  ouclei  contain  iron,  but  even 
that  all  nucleoproteins  contain  iron.  The  latter  statement  is  of  course 
false,  and  the  microchemical  evidence  in  support  of  the  former  state- 
ment (Macallum,  '92)  is  very  unsatisfactory.*  The  presence  of  iron  in 
the  nucleus  was  taken  as  an  indication  that  the  nucleus  played  an  im- 
portant rdle  in  oxidations,  but  the  presence  of  this  iron  is  open  to 
doubt.    Spitzer's  catalase  may  have  been  derived  from  the  cytoplasm. 

The  ch^nical  evidence  for  the  oxidation  theory  is  very  slight  and  the 
physiological  evidence  is  equally  so.  The  assumption  that  the  oi^an 
which  is  furthest  removed  from  the  supply  of  oxygen  is  the  organ  of  oxi- 
dation is  not  probable  in  the  first  place.  "It  should  be  borne  in  mind 
that  oxygen,  in  order  to  reach  the  nucleus,  must  penetrate  a  layer  of 
cytoplasm  containing  reducii^  substances."  (R.  S.  Lillie,  '11.)  More- 
over, as  was  shown  in  the  above  experimente,  the  non-nucleated  cell 
may  exhibit  perfectly  normal  movemente.  Since  the  energy  for  move- 
ment in  aerobic  organisms  is  derived  from  the  oxidation  of  organic 
matter,  it  is  unlikely  that  oxidations  have  become  depressel  But  if 
there  is  a  depression  of  oxidations  we  should  certainly  expect  (ct.  Loeb, 
'05)  to  End  some  improvement  in  the  cell  when  we  increase  ite  supply  of 
oxygen.  On  the  contrary,  as  has  been  shown,  the  cell  becomes  spheri- 
cal and  dies  in  a  few  hours.  <  Also  the  susceptibility  to  lack  of  oxygen, 

'  From  a  very  pure  preparation  of  the  aperm  heads  of  the  Great  Lakes  White- 
fieh,  the  author  was  unable  to  find  a  trace  of  iron  in  0.5  gram  of  the  dry 
material  by  the  sulpbocyanide  test.  The  ashing  was  done  in  the  electric  muffle 
and  by  Neumann  digestion,  so  that  there  was  no  question  of  "masked"  iron. 
(Unpublished.) 
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the  Busceptibility  to  cyanide  and  the  susceptibility  to  high  and  low 
temperature  all  indicate  that  respiratioD  and  rate  of  metabolism  are 
quite  as  rapid  in  the  enucleated  cell  as  in  the  normal  cell. 

Recently,  however,  experiments  have  been  reported  which  seem  to 
give  strong  support,  to  this  theory;  namely,  the  experiments  of  Oster- 
hout  on  the  leaf  of  the  Indian  Pipe.  When  the  leaf  of  this  plant  is  cut, 
the  cells  which  have  been  injured  soon  become  dark.  Osterhout  ('17) 
has  shown  that  this  darkening  is  an  oxidation  and  since  it  occurs  first  in 
the  nucleus,  he  argues  that  the  nucleus  is  the  center  of  oxidations. 
These  experiments,  however,  admit  of  another  interpretation.  It  is  : 
reasonable  to  believe  that  at  the  center  of  the  cell  there  is  a  strong  re- 
ducing action  and  that  very  little  oxygen  is  present.  After  the  death 
of  the  cell,  however,  oxygen,  Hke  other  substances,  may  enter  freely, 
and  in  the  dying  cell  it  would  be  expected  that  oxidations  would  be  very 
rapid  in  the  neighborhood  of  the  nucleus,  where  the  reducing  action  is 


Moreover,  Kite  and  Chambers  ('12)  found,  in  cells  which  were  appar- 
ently uninjured,  that  reduction  was  most  rapid  in  the  re^on  of  the 
nucleus.  The  dye  janus  green  becomes  red  when  reduced.  Kite  and 
Chambers  observed  that  this  reduction  occurred  first  at  the  centrosome 
and  second  in  the  chromatin  of  the  nucleus. 

The  experimenta  here  reported  offer  support  to  the  theory  that  the 
nucleus  is  the  organ  of  synthesis.  When  a  cell  is  deprived  of  food  the 
processes  of  synthesis  must,  to  a  great  extent,  come  to  a  stop,  although 
synthesis  of  intermediary  products  of  metabolism  is  still  possible.  It 
is  probably  not  a  coincidence  that  a  cell  deprived  of  its  nucleus  lives 
almost  as  long  as  a  cell  deprived  of  food. 

An  opportunity  to  put  the  synthesis  theory  to  a  direct  test  was  af- 
forded by  nutritional  experiments.  When  amebas  are  kept  without 
food  they  will  die  in  from  one  to  two  weeks,  but  if  glucose  is  present  in 
solution  their  life  is  somewhat  proloi^ed.  It  appears  that  the  glucose  is 
used  as  a  food.  When  urea  was  added  the  organisms  Uved  even  longer 
and  in  some  cases  divided.  Urea  alone,  without  glucose,  had  no  such 
effect,  a  fact  which  is  interpreted  as  meaning  that  the  nitrogen  com- 
pound is  combined  by  the  cell  with  the  carbon  compound.  When  nitro- 
gen was  already  combined  with  unoxidized  carbon,  as  in  the  amino- 
acids,  the  addition  of  glucose  was  unnecessary. 

When  these  experiments  were  repeated  upon  the  enucleated  cell,  it 
was  found  that  glucose  was  somewhat  beneficial  and  was  apparently 
used  as  a  food.    But  the  further  addition  of  urea  was  not  only  of  no 
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benefit,  but  actually  hastened  the  death  of  the  protoplasm.  Appar- 
ently non-nuclear  protoplasm  is  unable  to  combine  carbon  and  nitrogen: 
the  power  of  synthesis  is  absent.* 

There  is  further  evidence  of  the  loss  of  the  power  of  synthesis  in  the 
failure  to  produce  the  sticky  secretion  by  means  of  which  Ameba  at- 
taches itself  to  various  objects.  Normal  Omebas  are  firmly  attached  to 
the  sUde  and  frequently  stick  to  the  sides  of  a  pipette  when  drawn  up 
into  it.  Non-nucleated  amebas,  however,  shortly  after  the  removal 
of  the  nucleus,  are  but  sUghtly  if  at  all  attached  to  the  slide  and  never 
.  stick  to  the  sides  of  a  pipette. 

The  enucleated  cell  may  move,  respire,  digest,  respond  to  stimuli 
and  exhibit  any  activity  which  is  dependent  solely  upon  catabolic  or 
destructive  processes  of  protoplasm.  The  group  of  phenomena  which 
it  never  shows  are  those  of  growth  and  of  regeneration  and  division. 
The  phenomena  of  growth  are  essentially  phenomena  of  organic  synthe- 
sis, and  the  dependence  of  growth  upon  the  nucleus  implies  the  de- 
pendence of  organic  sjmthesis  upon  the  nucleus. 
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*The  configuration  of  atoms:  C-N-C,  so  characteriatic  of  the  nucleic  acid 
molecule,  is  also  the  configuration  which  occurs  in  the  protein  molecule  at  the 
points  where  the  amino  acids  are  joined.  This  fact  tn&y  be  not  without 
significance. 
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The  experimental  work  here  reported  was  begun  in  May,  1917,  and 
continued  until  October,  1918.  The  intention  at  the  start  was  to  test 
the  organic  reactions  accompanying  stammering,  with  special  reference 
to  Dr.  C.  S.  Bluemel's  cerebral  congestion  theory  of  stammering,  and 
this  object  has  been  kept  in  mind  throughout. 

As  I  was  unable  to  secure  as  subjects  any  stammerers  who  bad  been 
trephined  and  as  it  has  been  shown  that  the  changes  in  volume  in  the 
hand  or  finger  represented  the  changes  in  all  parts  of  the  periphery, 
the  only  expressive  process  studied  was  the  change  in  volume  of  either 
the  right  hand  or  the  second  finger  of  the  right  hand. 

The  introspections  of  all  severe  stammerers  agree  that  they  fre- 
quently experience,  when  called  upon  to  say  something  of  importance, 
a  great  fear  that  they  will  stammer  if  they  attempt  to  speak.  This 
fear  sometimes  is  so  intense  that  the  stammerer's  mind  becom<^  a 
blank  and  he  stands  immovable  and  speechless;  his  eyes  bulge  from 
their  sockets,  the  perspiration  streams  down  his  back,  he  opens  his 
mouth  and  tnay  even  tremble,  thus  exhibiting  all  the  symptoms  of 
real  fright.  It  seemed  worth  while,  therefore,  to  arouse,  in  both  nor- 
mal speakers  and  stammerers,  an  emotion  similar  to  that  of  fright  by 
producing  shock  by  such  means  as  the  unexpected  blast  of  a  shrill 
whistle,  and  to  compare  the  reactions  of  normal  speakers  to  shock  with 
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those  of  stammererB  to  shock,  and  the  stammerer's  reactions  to  shock 
with  his  reactions  to  stammering.* 

Before  describing  my  experiments,  it  will  be  well  to  review  briefly 
the  resulto  obtained  by  other  investigators. 

History  of  experimental  Uterature.  It  is  needless  to  review  in  detail 
the  investigations  included  by  Anderson  (1),  Angell  and  Thompson  (3), 
Shepard  (29),  Stevens  (32)  or  Weber  (35)  in  their  historical  r^um^. 
I  will  begin,  therefore,  with  a  summary  of  the  resulta  obtained  by  all 
the  experimenters  who  have,  to  my  knowledge,  worked  on  this  prob- 
lem, and  I  will  then  review  the  results  obtained  by  two  recent  writers 
whose  work  has  a  special  bearing  on  my  experiment. 

Table  1  gives  the  direction  of  the  changes  in  arm,  brain  and  intes- 
tinal volume  during  fright,  sensory  stimulation,  pleasant  versus  un- 
pleasant emotions  or  sensations,  tension  versus  relaxation,  physical 
work  and  mental  work,  as  reported  by  every  experimenter  who  has  to 
my  knowledge  worked  on  this  problem,  together  with  the  dates  when 
the  experiment*  were  performed  if  they  are  given  (otherwise  the  date 
of  the  pubUcation),  the  number  of  subjects  used  by  each  experimenter 
(where  given),  and  the  number  of  experiment*  performed  by  each 
experimenter  (where  given). 

All  five  experimenters  who  obtained  reactions  to  fright  found  that 
fright  almost  always  occasioned  a  marked  decrease  in  peripheral  vol- 
ume, with  or  without  a  temporary  rise  when  stimulus  was  given; 
KQppers  alone  reported  an  increase  in  a  small  percent^e  of  his  experi- 
ments. Weber  found  an  increase  in  intestinal  volume.  The  three 
who  experimented  on  the  brain  found  an  increase  in  brain  volume  at 
some  point  on  the  record;  Berger  found  an  increase  followed  by  a 
decrease,  Moeso  an  increase  only,  Shepard  a  short  increase  followed  by 
a  brief  return  to  normal,  then  a  long  characteristic  increase. 

Fourteen  experimenters  found  that  sensory  stimuli,  in  a  very  large 
majority  of  cases,  brought  about  a  decrease  in  arm  volume  less  marked 

'  It  is  unfortuDate  that  some  Americaa  writers  have  employed  misleading 
deHnitions  for  "stammer"  and  "stutter."  Some  writers  use  "stammer"  to 
denote  a  stoppage  of  speech  and  "stutter"  to  denote  the  repetition  o(  the  first 
letter  or  syllable  of  certain  words.  Shepard  and  some  other  wriftrs  use  "stut- 
ter" to  denote  both  repetition  and  stoppage,  and  "stammer"  to  denote  mis- 
pronunciation, as  in  baby  talk  and  lispiDg.  As  stuttering  usually  develops  into 
stamn^ering  and  as  many  defects  of  speech  consist  of  both  as  first  defined,  I  shall 
use  "stammer"  throughout  this  discussion  as  absolutely  synonymous  with 
"stutter"  as  defined  in  Webster's  New  International  IXetionary — "to  make  in- 
voluntary stops  in  uttering  syllables  or  words." 
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th&n  in  fright,  and  preceded  less  often  by  a  temporary  rise;  Lehmann 
alone  reported  an  increase  for  touch  stimuli  and  a  decrease  both  pre- 
ceded and  followed  by  a  temporary  increase  for  visual  and  acoustic 
stimuli.    All  three  experimenters  found  a  rise  in  brain  volume. 

Sixteen  experimenters  compared  the  vasomotor  changes  in  the 
periphery  accompanying  pleasant  versus  unpleasant  emotions  and  sen- 
sations, and  all  found  that  the  unpleasant  states  brought  about  con- 
striction. Eleven  found  that  the  vasomotor  changes  were  the  same 
for  pleasant  as  for  unpleasant  states;  five  found  the  opposite  to  be  the 
case.  As  but  five  experimenters,  whose  interpretations  of  their  results 
are  questionable,  found  opposite  vasomotor  changes  for  pleasant  and 
unpleasant  states  in  but  few  experiments  on  but  few  subjects,  and  as 
eleven  experimenters,  including  the  most  accurate  experimenters  we 
have,  found  no  difference  in  the  reactions  to  these  states  in  about  nine 
thousand  experiments  on  a  large  nuiflber  of  subjects,  the  evidence  is 
overwhelming  that  all  emotions  and  stimuli,  whether  pleasant  or 
unpleasant,  have  a  very  strong  tendency  to  cause  vasoconstriction  in 
the  peripheral  arteries.  As  the  work  done  by  Shepard  is  absolutely 
trustworthy,  and  as  he  performed  one  hundred  and  eighty  experiments 
on  two  trephined  subjects  with  reliable  apparatus,  I  think  his  con- 
clusions that  all  emotions  and  sensations  cause  vasodilatation  in  the 
brain  during  the  waking  state,  may  be  accepted  until  we  have  reliable 
additional  evidence  to  support  the  opposite  view. 

Only  three  experimenters  have  compared  the  bodily  reactions  during 
a  state  of  tension  with  those  during  a  state  of  relaxation.  These  all 
found  that  tension  caused  vasoconstriction  in  the  peripheral  arteries, 
whereas  relaxation  caused  vasodilatation. 

Only  two  experimenters  have  studied  the  vasomotor  changes  during 
physical  work.  Ander&on  found  vasomotor  dilatation  in  the  arm  in 
75  per  cent  of  the  reactions  from  subjects  in  good  physical  condition 
and  in  but  30  per  cent  of  the  reactions  from  subjects  in  poor  physical 
condition.  Weber  found  vasodilatation  to  both  the  arm  and  the 
brain  and  vasoconstriction  in  the  intestines,  when  the  subject  was  not 
tired,  and  the  reverse  in  the  arm  and  the  intestines  when  the  subject 
was  fatigued.  There  are  not  sufficient  data  upon  which  to  base  any 
conclusions  as  to  cerebral  and  intestinal  vasomotor  changes  during 
physical  work. 

The  results  concerning  changes  in  peripheral  volume  during  mental 
work  are  rather  contradictory.  Most  experimenters  made  no  exhaus- 
tive study  of  this  problem  but  requested  a  few  subjects  to  solve  a  few 
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arithmetical  problems  in  connection  with  other  experiments.  Four- 
teen experimenters  refwrted  vasoconatrictiOD  preceded,  in  a  few  cases, 
by  a  brief  vasodilatation.  Five,  all  careful  experimenten,  found 
sometimes  vasodilatation,  sometimes  vasoconstriction.  Anderson  was 
the  only  experimenter  who  found  more  vasodilatations  than  vasocon- 
strictions. His  results  seem  the  most  trustworthy,  however,  because 
he  used  periods  of  work  long  enough  to  secure  true  reactions;  he  per- 
formed the  same  experiment  upon  thirty  subjecte  and  could  thereby 
eliminate  individual  differences;  he  experimented  upon  more  kinds  of 
mental  work  than  all  the  other  experimenters  c<Hnbined  and  he  per- 
formed several  times  as  many  experiments  as  all  the  other  experi- 
menters combined.  We  may  conclude,  therefore,  that  mental  woit 
sometimes  causes  vasoconstriction  in  the  peripheral  arteries,  but  more 
often  vasodilatation.  Weber  found  that  mental  work  occasioned  vaso- 
dilatation in  the  intestinal  arteries,  and  three  experimenter  found  that 
it  caused  vasodilatation  in  the  cerebral  vessels,  ea  might  be  expected, 
since  blood  always  fiows  to  an  oi^an  which  is  being  actively  used. 

Angell  and  Tbompeon  (3)  found  that  a  steady  strain  of  attentioa 
caused  little  if  any  vasomotor  change,  and  that  every  break  or  shift  of 
attention  caused  vasociHistriction,  the  amount  of  constriction  being 
roughly  proportional  to  the  intensity  of  the  emotion  or  stimulus  that 
broke  in  on  the  attention,  and  tlie  amount  of  surprise  involved.  My 
results  confirmed  theirs,  as  do  the  results  I  have  seen  everjrwbere  in 
the  literature. 

Summary  of  residta  o6tatned  by  other  experimenters.  The  results  <rf 
the  many  experimenters  reported  in  table  1  show  that  those  sensory 
stimuli  (whether  agreeable  or  disagreeable),  especially  shock,  which 
cause  a  break  or  shift  of  attention,  occasion  vasoconstriction  in  the 
periphery  and  vasodilatation  in  the  brain,  the  vasomotor  shift  being 
.  the  most  noticeable  after  intense,  unexpected  stimuli,  and  the  least 
marked  after  weak  stimuli. 

Mental  and  physical  work,  which  call  forth  a  steady  strain  of  atten- 
tion, often  cause  a  temporary  vasoconstriction  in  the  peripheral  ar- 
teries due  to  the  shift  of  attention  to  the  work;  then,  if  the  work  con- 
tinues, it  brings  about  a  very  gradual  vasinnotor  shift,  much  less 
noticeable  than  that  occasioned  by  sensory  stimuli,  more  often  vaso- 
dilatation than  vasoconstriction  in  the  peripheral  arteries,  and  always 
vasodilatation  in  the  cerebral  vessels. 

Swnmary  of  residta  obtained  by  John  F.  Skepard.  In  Organic  Ckangea 
and  Feeling  (29),  Shepard  reported  the  results  of  his  experiments  on 
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•  the  peripheral  volume  changee  of  six  noimal  subjects.  Three  fortna 
of  ptethysmograph  were  employed  at  oae  time  or  another,  Zimmer- 
man's modification  of  Lehmami's  plethytonograph,  the  Hallion-Compte 
air  plethysmograph  and  the  finger  plethysmogrsph  described  by 
Lombard  and  Piltsbmy  were  employed  whenever  it  was  possible,  and  a 
piston  recorder  waa  used  with  each  plethysmograph.  The  tiioracic 
breathing  was  registered  by  means  of  a  Sumner  pneumograph  con- 
nected with  a  Marey  tambour.  Among  the  stimuli  used  were  agree- 
able and  disagreeable  smells  and  tastes,  colored  lights,  deep  and  shrill 
whistles,  chords  and  discords  on  tuning  forks,  music  on  ihe  violin  and 
Either,  noises,  attention  to  counting  marks'or  a  mioimal  sound,  to  a 
touch  or  to  a  multiplication,  recalling  <rf  emotional  experiences,  listen- 
ing to  amusing  reading,  etc.  The  subject's  arm  rested  in  the  swing 
which  held  the  plethysmograph.  A  normal  record  was  run  for  swne 
time  before  any  stimulus  was  given  and  time  was  allowed  for  recovery 
after  each  stimulus.  In  some  of  the  experimenta  \he  subject  and 
experimenter  were  in  different  rocms. 

Shepard  found  that  the  reaction  was  almost  invariably  vasocon- 
striction, preceded  in  a  very  few  oases  by  a  temporary  vasodilatation. 
Out  <rf  KK)  reactions,  187  gave  a  fall,  7  gave  a  rise  which  was  probably 
due  to  changes  in  breathing  and  not  directly  to  the  stimulus,  and  6 
gave  a  rise  followed  by  a  faU,  in  3  of  which  the  fall  was  much  more 
marked  than  the  rise.  Twenty-two  cases  of  strain  gave  a  fall  in  vol- 
ume; relaxation  gave  a  rise.  Agreeable  and  disagreeable  stimuli  gave 
the  same  reactions. 

About  150  dear  records  were  obtained  simultaneously  of  the  changes 
in  volume  of  both  the  brain  and  the  periphery  of  a  laborer  of  fully 
average  intelligence  who  hod  met  with  an  accident  which  necessitated 
the  removal  of  a  piece  of  the  skull  bone,  rou^y  8  by  6  cm.  in  area,  on 
the  ri^t  side  of  the  head  near  the  Rolandic  r^on.  A  brain  plethys- 
mograph was  made  by  attaching  a  piece  of  cork,  cut  to  fit  the  dip  over 
the  trephine,  to  the  rubber  membrane  of  the  tambour;  this  was  held  on 
the  head  by  means  of  two  bandages.  The  same  stimuli  named  above 
were  employed  and  it  was  found,  in  general,  that  all  agreeable  or  dis- 
agreeable stimuli,  all  sensory  attention  or  attenti<H)  to  arithmetical 
problems,  all  agreeably  exciting  light  or  music,  all  depressioii,  and  the 
strain  of  expectation  when  a  neutrally  toned  stimulus  was  announced 
before  it  was  given,  gave  a  fall  <rf  volume  of  the  hand  with  Smaller 
pulse  and  more  rounded  dicrotic,  and  rise  of  volume  of  the  brain  with 
larger  pulse,  often  with  dicrotic  raised  in  position  and  made  sharper. 
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With  relaxation,  there  was  at  firet  quite  oft«D  a  fall  of  the  hand  volume  • 
and  rise  of  that  of  the  brain,  then  a  gradual  increase  of  the  band  and  a 
decrease  of  the  brain  to  noimal.  With  strong  stimidi,  the  reaction 
often  had  a  double  character;  the  volume  of  the  hand  increased  first 
with  smaller  pulse  and  then  fell  quickly  to  a  much  lower  level  with 
rounded  pulse  while  that  of  the  brain  increased  at  first  with  large 
pulse,  then  decreased  neatiy  or  quite  to  normal  and  sometimes  showed 
almost  an  anacrotic  pulse;  then  finally  rose  markedly  with  high  pulse 
and  gradually  returned  to  nonnal.  Similar  results  were  obtained  ia 
similar  experiments  both  from  this  subject  and  another  trephined 
subject,  and  were  reported  in  The  Circulation  and  Sleep  (30). 

Experimental  litercUure  on  stammering.  I  am  acquainted  with  but 
one  plethyemographic  study  of  stammering.  That  is  an  article  by 
Fletcher  (49).  He  had  as  subjects  nine  stammerers  between  14  and 
24  years  of  age,  the  average  age  being  17;  there  were  five  boys,  three 
young  men  and  one  young  lady.  No  attempt  was  made  to  make  a 
careful  diagnosis  of  each  case,  hence  the  reader  does  not  know  whether 
these  cases  were  primarily  mental  or  phyHical  stammering.  The 
apparatus  consisted  of  a  kymograph,  a  Lehmann  arm  pleth:^smograph 
connected  with  a  tambour  recorder,  two  Sumner  pneumograi^  for  the 
registration  of  both  chest  and  abdominal  breathing,  connected  to 
tambour  recorders,  a  Jacquet  chronometer,  a  Rousselot  microphone,  a 
Deprey  d'Arsonval  galvanometer,  an  adjustable  reading  rack  and 
cards  on  which  were  printed  various  selections  of  prose  and  poetry. 
No  attempt  to  minimize  anu  movements  by  a  swing  or  otherwise  was 
mentioned,  yet  stammerers  constantly  move  their  arms  while  stuttering. 

The  breathing  results  are  trustworthy  and  were  as  follows:  The 
characteristic  normal  rest-breathing  curve  showed  inspirations  and 
expirations  of  approximately  the  same  length,  and  the  thoracic  and 
the  abdominal  curves  were  approximately  synchronous  in  phase.  In 
general,  the  stutterers  presented  no  permanent  peculiarities  of  breath- 
ing unrelated  to  the  function  of  speech.  There  were  apparently  as 
many  varieties  of  breathing  peculiarities  among  stutterers  as  thtsre 
were  varieties  of  stuttering.  Breathing  abnormalities  tended  to  be- 
come stereotyped  in  certain  forma  for  certain  individual  stutterers; 
they  appeared  often  as  temporarily  adopted  expedients  to  help  out  in 
the  beginning  of  speech.  The  thoracic  curve  seemed  to  be  more  sensi- 
tive t6  mental  disturbances  than  the  abdominal  curve.  In  many 
cases  the  thoracic  and  abdominal  curves  tended  to  approach  each 
other,  often  to  the  point  of  touching;  this  sometimes  continued  through- 
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out  the  speaking  interval.  In  many  cases  breathing  disturbances 
appeared  before  the  speaking  interval  and  continued  for  as  long  as 
eight  seconds  after  it.  The  ratio  of  the  time  of  inspiration  to  that  of 
expiration  was  found  to  be  0.217  second  during  normal  speech  and 
0.535  second  during  stuttering.  The  expiration  interval  averaged 
24.6  seconds  during  stuttering,  of  which  the  vocalization  interval 
occupied  but  9  seconds;  the  record  of  normal  speech  showed  that  of 
an  averse  expiration  interval  of  26.8  seconds,  25.6  seconds  were 
utilized  in  vocalization.  There  appeared  to  be  an  efficiency  of  90 
per  cent  with  normal  speech  as  compared  with  an  efficiency  of  36.5 
per  cent  with  stuttering. 

Shepard's  plethysmographic  results  were  as  follows:  There  was  a 
marked  attention  drop  (constriction)  in  73  per  cent  of  the  cases  where 
the  stutterer  was  told  to  speak  or  read,  this  drop  being  greater  in  the 
latter  case.  Immediately  after  the  attention  drop  there  began,  in  90 
per  cent  <A  the  records,  a  rise  (vasodilatation)  which  usually  lasted  untU 
the  subject  ceased  stuttering;  this  amounted  to  a  rise  of  5  cm.  in  31  sec- 
onds in  one  extreme  case.  In  62  per  cent  of  the  records,  this  rise  was 
interrupted  by  irregularities  in  addition, to  those  due  to  breathing  and 
movement.  When  subjects  were  asked  to  imagine  themselves  in  situ- 
ations in  which  they  would  be  likely  to  stutter,  the  curve  showed  8%ht 
vasomotor  constrictions  in  certain  cases,  never  vasodilatation.  Both 
the  amount  of  the  general  rise  and  the  distortions  of  the  plcthysmo- 
graph  are  correlated  with  the  degree  of  severity  of  the  stuttering. 

The  speech  of  the  stutterers  was  attended  by  an  abnonnal  acceleration 
of  the  pulse  rate.  At  a  point  in  the  period  just  prior  to  the  speaking 
interval,  the  pulse  rate  averted  90.2,  ranging  from  72  to  120;  at  a 
point  at  the  beginning  of  the  speaking  interval,  the  puke  rate  averaged 
99.8,  ranging  from  78  to  126;  and  at  a  point  at. the  close  of  the  speaking 
interval,  the  pulse  rate  averaged  98.6,  ranging  from  72  to  129.  It  will 
be  remembered  that  the  normal  pulse  rate  in  adults  ranges  from  70  to  75. 

Apparatus.  The  apparatus  used  in  these  experiments  was  practi- 
cally the  same  as  that  used  by  Dr.  John  E.  Anderson,  and  consisted  of 
a  Zimmerman  kymograph,  a  Verdin  pneumi^raph,  a  Sumner  pneu- 
mograph, a  Marey  tambour,  a  Lehmann  plethyamograph,  a  finger 
plethysmograph,  a  piston  recorder  and  two  small  electromagnets. 

The  kymograph  was  the  regular  Zinunerman  model  with  an  exten- 
sion which  permitted  the  use  of  smoked  paper  2.5  m.  long  by  16  cm. 
wide.  This  kymograph  was  practically  noiseless  at  the  low  speed  at 
which  it  was  mn.    As  few  of  my  records  required  smoked  paper  over 
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8  cm.  wide,  I  usually  went  twice  around  each  rec<n^;  tliis  enabled  me 
to  perfonn  four  consecutive  experiments  of  approximately  an  hour  each 
without  changing  records. 

Zinunennan'e  modification  of  Lehmann's  arm  pletbysmograph  waa 
used  in  the  earlier  experiments.  A  long-sleeved  rubber  glove  was  sub- 
stituted for  the  blind  sleeve,  and  a  movable  but  ti^tly  fitting  round 
block  of  wood  was  placed  vertically  within  the  plethysmograidi  Qear 
the  end  furthest  away  fnan  the  part  where  the  rubber  glove  was  at- 
tached. The  pletbysmograph  was  attached  firmly  to  a  swing  sub- 
pended  from  the  ceiling.  An  elbow-rest,  which  could  be  moved  fUong  a 
groove  in  the  swing  and  clamped  at  any  point,  kept  the  subject  from 
withdrawing  his  arm;  a  leather  strap,  passed  over  the  subject's  forearm 
near  the  elbow  and  beneath  the  swing,  kept  the  subject  from  raising 
his  arm  out  of  the  elbow  rest  and  thus  withdrawing  it  slightly  from  the 
plethysmi^aph;  and  the  vertical  stick  within  the  plethysmt^raph, 
when  lightly  clasped,  kept  the  subject  from  thrusting  his  arm  further 
into  the  pletbysmograph.  Thus  the  only  motion  which  could  seri- 
ously affect  the  record  waa  a  motion  of  the  arm  within  the  plethysmo> 
graph,  a  movement  which  could  usually  be  detected  on  the  record 
because  of  its  characteristic  abrupt  rise  or  fall.  The  curve  <rften  re- 
turned quickly  to  normal  after  such  movements  and  was  then  Uttle 
affected;  if  it  did  not  return  to  the  normal  level,  that  part  of  the  record 
was  always  discarded.  The  subject  was  instructed  always  to  clasp 
the  stick  li^tly,  because  it  was  found  that  there  was  a  tendency  to 
relax  the  grip  now  and  then  when  the  stick  was  clasped  ti^tly,  in 
which  case  the  recorder  seldom  retiuTied  to  the  normal  level.  He  was 
told,  also,  to  relax  his  muscles  and  to  keep  his  hand  in  as  comfortable 
a  position  as  possible. 

After  the  subject  put  on  the  rubber  glove  of  the  pletbysmograph  but 
before  he  thrust  hisentire  foreann  into  the  plethysmc^rap^,  the  opersr 
tor  filled  the  plethyBm{^raph  with  water  heated  a  few  degrees  above 
bodily  temperature  and  screwed  on  the  glass  tube  to  the  top  of  the 
pletbysmograph.  This  glass  tube  was  24  cm.  long  and,  n^en  nearly 
filled  with  water,  served  to  press  the  water  tightly  against  the  subject's 
hand  at  every  point.  The  subject  then  thrust  his  arm  into  the  chamber 
until  be  clasped  the  stick  lightly,  and  the  operator  adjusted  theelbow- 
rest  and  strap  and  added  or  took  water  from  the  glass  tube  imtil  it  was 
filled  to  witUn  2  cm.  of  the  top.  The  top  of  this  ^ass  tube  was  con- 
nected by  thick-walled  rubber  tubing,  through  a  syringe  and  outlet  to 
the  air,  with  the  piston  recorder,  as  described  on  page  296  in  cfomection 
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with  the  finger  plethyBmograph.  The  piaton  of  the  recorder  used  mth 
the  arm  plethyBmograph  was  cut  with  ^ears  from  a  thin  sheet  of  brass 
and  was  therefore  not  perfectly  round.  A  strip  of  bond  paper  with  a 
fine  wire  inserted  at  the  outer  end  was  used  as  a  recorder.  Tlie  lever  of 
tile  recorder  was  the  same  as  that  to  be  described  later,  but  it  worked 
up  and  down  between  the  two  springs  made  of  36  gauge  wire  (0.019 
cm.  in  diameter)  used  by  Doctor  Anderson,  touching  the  springs  about 
2  cm.  from  their  axes.  The  lever  worked  at  every  point  against  the 
delicate  springs  so  that  when  the  pressure  against  the  piston  was  re- 
laxed, the  piston  automatically  returned  to  its  noimal  level,  thus 
counteracting  the  effects  of  inertia  and  momentum.  By  turning  the 
strip  of  brass  to  which  the  springs  were  attached  about  the  axis,  the 
springs  could  be  set  at  any  distance  from  the  axis  of  the  recording 
lever;  hence  the  size  of  the  recorded  pulse  could  be  r^;ulated  for  dif- 
ferences in  each  subject.  As  this  arm  plethysmograph  could  not  be 
used  with  stammerers,  since  they  moved  their  arms  continuously  while 
stammering,  the  finger  plethysmograph  was  substituted  in  my  later 
ezperimentfi,  in  order  that  I  mi^t  compare  more  readily  the  vaso- 
motor changes  in  stammerers  with  those  in  normal  speakers. 

The  finger  air  plethysmograph.  was  made  in  the  shop  at  the  labiS'a- 
tory  and  was  a  modification  of  the  one  used  by  L<Hnbard  and  Pillsbiuy 
and  described  in  voliune  III,  pages  191-193,  of  this  Journal.  The  air 
chamber  consisted  of  a  brass  pipe  10  cm,  long  and  2.5  cm.  in  diameter 
with  a  metal  disk,  pierced  by  a  pipe  with  a  bore  4  mm.  in  diameter 
soldered  to  one  end,  and  a  rubber  diaphragm  0.026  inch  thick,  with  a 
.small  hole  in  the  center,  fastened  to  the  other  end.  This  air  chamber 
was  placed  inside  of,  and  projected  1  cm.  ia  front  of,  a  second  wateiv 
ti^t  pipe,  12.5  cm.  long  and  4.5  cm.  in  outside  diameter,  with  two 
outletfl  through  which  water  of  constant  temperature  might  pass  and 
keep  the  air  in  the  air  chamber  at  constant  t&paperature.  As  there 
was  no  running  water  in  the  room,  the  water  chamber  was  not  used. 
This  plethysmograph  was  firmly  attached  to  a  swing  suspended  from  a 
rod  43  cm.  above  it.  When  the  subject  thrust  the  middle  finger  of  his 
right  hand  through  the  hole  in  the  rubber  diai^agm  until  it  could  go 
no  farther,  the  operator  adjusted  the  same  elbow  rest  and  strap  used 
with  the  arm  plethysmograph.  Then  no  ordinary  movements  could 
affect  the  record  other  than  movements  of  the  finger  within  the  plethys- 
mi^raph;  these  could  usually  be  readily  detect^  because  of  their 
characteristic  abruptness.  As  the  recorder  usually  returned  to  iia 
normal  level  after  such  movements,  they  seldmn  affected  the  record; 
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the  few  parts  of  records  in  which  the  lever  did  not  return  to  ite  Donnal 
level  were  discarded.  A  thick-walled  rubber  tube  connected  the  finger 
plethysmograph  with  a  metal  T-tube.  One  end  of  the  T-tube  led  to  a 
glass  syringe  10  cm.  long  with  a  piston  13  mm.  in  diameter;  the  other 
end  of  the  T-tube  led  through  a  thick-walled  rubber  tube  of  the  same 
diameter  to  a  second  simUar  T-tube.  One  end  of  this  second  T-tube 
led  to  the  open  air  and  was  always  open  when  no  experiment  was  in 
progress,  but  always  closed  by  a  metal  clamp  when  the  experiment  was 
in  progress;  and  the  other  end  led  to  the  piston  recorder.  As  the 
syringe  was  airtight,  it  was  poeeible,  by  moving  the  plunger,  to  alter 
the  amount  of  air  in  the  aystetn  of  tubes  connecting  the  finger  chamber 
with  the  recorder  and  thus  place  the  lever  in  a  horizontal  position  iriiea 
it  was  working  too  hig^  or  too  low  because  of  changes  in  temperature 
or  arm  movements. 

Of  the  many  fonns  of  apparatus  which  have  been  devised  for  record- 
ing  minute  vasomotor  changes,  a  piston  recorder,  properly  made,  is  the 
most  delicate.  As  the  piston  recorder  which  I  used  with  the  ami 
plethysmograph  made  no  record  when  attached  to  the  finger  plethy»- 
mograph,  it  was  necessary  to  modify  this  recorder. 

I  selected  a  glass  T-tube  having  a  bore  5.2  mm.  in  diameter  which 
was  almost  round.  One  of  the  opposite  ends  was  sealed;  the  other  was 
ground  or  lapped  out  so  as  to  be  perfectly  round  its  full  length  for 
the  piston  to  work  in.  A  perfectly  round  piston,  which  fitted  the 
piston  barrel  closely  and  yet  worked  up  and  down  and  turned  almost 
over  in  the  tube  without  binding,  was  cut  from  a  strip  of  celluloid 
0.026  inch  thick.  The  celluloid  piston  was  practically  as  stiff  as  one. 
made  of  sheet  brass,  yet  soft  enough  to  be  cut  by  a  hoUow  round  steel 
punch.  This  was  a  decided  advantage  because  brass  has  to  be  cut 
with  shears  and  will  necessarily  have  little  cornets  which  will  permit 
air  to  escape  and  injure  the  record.  The  point  of  a  stiff  steel  pin, 
0.028  inch  in  diameter,  was  passed  through  the  center  of  this  piston 
and  sli^tly  riveted  so  that  it  could  not  pull  off;  the  head  was  cut  off 
and  a  hook  was  made  of  this  end.  When  this  hook  was  passed  throu^ 
a  hole  which  was  drilled  in  the  brass  lever  and  which  just  fitted  it,  this 
pin  made  a  very  satisfactory  piston  rod  4.5  cm.  in  length. 

The  lever  trf  the  piston  recorder  was  the  one  used  by  Doctor  Ander- 
son, excepting  that  his  writing  lever  made  of  bond  paper  tipped  with  a 
fine  hair  was  replaced  by  a  very  thin  strip  of  celluloid,  0.01'- inch  in 
thickness,  which  was  shaped  at  one  end  to  fonn  a  sharp  writing  point 
and  was  attached  by  varnish  to  the  sheet  brass  part  of  the  lever.    The 


oy  Google 


PLETHTBMOaaAPHlC  BTUDT  OP  SHOCK  AND  8TAMMERINQ         297 

celluloid  lever  was  almost  as  flexible  horizoDtally  aa  the  bond  paper 
but  it  bad  greater  vertical  rigidity,  could  not  be  bent  by  accident  as 
could  the  paper  and  was  not  affected  by  air  currents  as  was  the  paper. 
AH  of  the  lever  but  the  celluloid  tip,  which  was  54  mm.  long  and  4  mm. 
wide,  was  cut  from  a  piece  oi  sheet  brass  0.018  inch  thick.  It  was 
made  from  a  strip  13  cm.  long  and  4  mm.  wide,  and  one  end  was  turned 
twice  at  right  angles  and  fastened  to  its  axis  by  the  pin  MN  as  shown 
in  figure  1.  A  small  piece  of  lead,  L,  was  placed  on  the  aim  of  the 
lever  on  the  opposite  side  of  the  axis  from  the  writing  point;  thin  shav- 
IngB  were  cut  from  this  lead  until  the  piston  would  stay  at  any  point 
of  the  barrel  where  it  was  placed,  before  <nl  was  dropped  into  the 
barrel  or  the  writing  tip  touched  the  drum  of  the  kymc^raph.  Thus 
the  pressure  on  the  lower  part  of  the  piston  had  to  work  only  gainst 
the  weight  of  the  drop  of  heavy  machine  oil  on  the  top  of  the  piston 
and  the  friction  of  the  joints  and  of  the  writing  tip  of  the  lever  on  the 
smoked  paper;  this  proved  just  sufficient  in  an  upward  thrust  to  dimin- 
ish the  extra  upward  movement  due  to  momentum  from  Hie  strong 
upward  thrust  at  the  beginning  of  each  pulse  beat.  As  the  weight  of 
the  drop  of  oil  and  the  friction  on  the  smoked  paper  act  in  opposite 
directions  when  the  piston  is  falling,  the  lever  Quickly  returned  to  nor- 
mal after  each  pulse  beat.  I  watched  the  piston  closely  during  all 
experiments  and  seldom  saw  a  bubble  of  air  escape  unless  a  little  oil 
hardened  on  the  sides  of  the  piston>barrel  and  did  not  permit  the  piston 
to  move  freely.  I  avoided  this  by  frequently  removing  with  alcohol 
the  oil  which  is  bound  to  adhere  to  the  sides  of  the  barrel  as  the  piston 
works  up  and  down.  What  little  oil  ran  down  the  sides  of  the  tube 
collected  at  the  sealed  end  directly  below  the  pib'ton-bairel  and  did  not 
interfere  with  the  pulse  waves  which  came  in  through  the  third  hori- 
zontal arm  of  the  T-tube  from  which  the  recorder  was  made.  The 
piston  could  move  an  inch  above  or  below  the  position  it  assumed 
when  the  lever  was  horizontal,  without  catching  or  binding. 

The  springs  used  with  the  arm  plethysmograph  were  discarded  as 
the  changes  in  pressiu^  due  to  the  minute  vasomotor  changes  in  a  single 
finger  were  not  su£Scient  to  move  them.  The  writing  point  was  12.5 
cm.  from  the  axis  of  the  lever  and  the  piston  rod  was  attached  to  the 
*  sheet  brass  part  of  the  lever  3  cm.  from  the  axis;  hence  the  motion  <A 
the  piston  was  magnified  a  little  more  than  foiu-  times  on  the  record. 
When  the  piston  rod  was  attached  nearer  to  the  axis  of  the  lever,  the 
piston  was  apt  to  bind  in  its  barrel,  and  the  piston  rod  often  touched 
the  sides  of  the  barrel  and  bound  when  the  lever  moved  much  above  or 
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below  the  horizontal  poeitioD.  If  the  lever  were  much  longer,  the 
friction  between  the  writing  tip  and  th^  driun  would  increase  and  inter- 
fere with  the  free  wwldng  of  the  piston  within  its  biurel. 

The  piston  recorder  was  fastened  securely  to  the  end  of  the  round 
horizontal  rod  AB  by  the  clamp  A.  This  horizontal  rod  was  fastened 
by  a  clamp  (not  shown  in  the  figure)  to  a  vertical  rod  which  was  firmly 
attached  to  the  horizontal  revolving  arm  of  a  stand  which  could  be 
raised  or  lowered  by  turning  a  screw,  and  placed  nearer  or  farther 
away  from  the  drum  of  the  kymograph  1^  moving  it  gently  with  the 
hand.  At  a  convenient  distance  from  the  end  of  the  horizontal  rod 
AB,  a  vertical  hole,  B,  was  drilled  to  fit  the  smaller  round  rod  BQC 


Fig.  1 

which  was  turned  at  right  angles  at  Q.  Two  horizontal  holes,  C  and 
D,  were  drilled  at  ri^t  aisles  to  each  other  in  the  short  square  rod 
CD  to  fit  the  round  rods  BQC  and  DEFG.  Rod  DEFG  was  turned 
horizontally  at  right  angles  twice  at  E  and  vertically  at  right  angles  at 
F  and  was  split  down  the  middle  and  bent  at  C  to  hold  the  axis  pin 
MN.  Screws  clamped  the  rods  firmly  together  at  B,  C  and  D.  The 
piston  could  be  raised  or  lowered  to  any  point  of  its  barrel  by  loosening 
the  screw  B  and  raising  or  lowering  the  vertical  rod  BC.  The  piston* 
rod  could  be  brought  over  the  center  of  the  piston  barrel  and  made 
parallel  to  this  by  loosening  screws  C  and  />,  moving  the  rod  DEFG  and 
revolving  it  about  the  axes  QC  and  DE,  When  the  lever  is  horizontal, 
the  apparatus  should  be  so  adjusted  that  the  piston-rod  will  lean 
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slightly  toward  the  writing  point  because  it  swings  away  from  the 
writing  point  with  either  an  upward  or  downward  movement,  and  such 
an  inclined  position  keeps  the  average  position  of  the  piston-rod  more 
nearly  vertical  and  prevents  binding. 

This  piston  recorder  satisfied  the  requirements  outlined  by  Lombard 
and  Pillsbury  on  page  187  of  volume  III  of  this  Journal.  The  piston 
was  thin  so  as  to  minimiee  the  friction  in  the  piston  barrel.  It  was  of 
small  diameter  and  so  connected  to  the  piston  rod  and  the  lever  that 
it  could  not  bind  and  could  tilt  but  Uttle.  The  movable  parts  were  as 
light  as  possible  in  order  to  avoid  the  effects  of  inertia  and  momentum. 
The  piston  moved  freely  in  the  tube  and  yet  followed  readily  the 
movement  of  the  lever,  which  not  only  desoribtvl  an  arc  as  it  moved 
up  and  down,  but  moved  a  little  to  one  side  or  the  other  when  the 
writing  poibt  passed  over  an  uneven  place  on  the  smoked  paper,  so  as 
not  to  keep  exactly  over  the  center  of  the  piston.  As  the  compressi- 
bility of  the  air  below  the  [Hston  requires  that  the  lever  should  write 
on  the  smoked  surface  of  the  kymograph  with  the  least  possible  fric- 
tion, the  lever  was  made  flexible  so  as  to  yield  to  the  inequalities  in 
the  recording  surface  and  at  the  same  time  be  sufficiently  springy  to 
maintain  a  continuous,  gentle  pressure  on  the  drum  of  the  kymc^aph. 

The  lever  of  the  piston  recorder  worked  up  and  down  in  a  vertical 
plane  parallel  to  the  drum  of  the  kymograph.  The  writing  point 
should  be  tangent  to  the  drum  when  the  piston  is  about  15  mm.  above 
or  below  the  position  it  assumes  when  the  lever  is  horizontal.  If  the 
writing  point  is  tangent  when  the  lever  is  horizontal,  it  will  not,  when 
it  rises  or  falls,  touch  the  drum  more  than  a  few  millimeters,  unless, 
when  horizontal,  it  presses  too  tightly  against  the  drum  to  make  an 
accurate  record. 

To  test  the  effect  of  this  change  in  pressure  on  the  drum  as  the  writ- 
ing lever  approaches  and  recedes  from  the  drum,  and  to  see  what 
change  in  volume  of  the  finger  corresponds  with  the  rise  or  fall  of  1 
mm.  on  the  record,  I  constructed  the  following  piece  of  apparatus. 
With  thick-walled  rubber  tubing  I  connected  one  end  of  a  glass  capil- 
lary tube,  10  cm.  long,  with  a  bore  2.25  sg.  nun.  in  cross  section,  with 
the  part  of  the  T-tube  which  led  to  the  air  in  my  former  experiments. 
I  attached  about  30  cm.  of  the  same  rubber  tubing  to  the  otlier  end  of 
the  capillary  tube  and  passed  it  between  a  board  and  the  table.  I 
clamped  the  capillary  tube  in  a  vertical  position  close  to  a  scale  and 
filled  it  with  mercury.  By  tightening  or  loosening  the  clamp  which 
pressed  the  board  sgainst  the  table,  I  could  raise  or  lower  the  height  of 
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the  mercury  in  tlie  capillary  tube.  As  I  made  the  volume  of  air  from 
the  mercury  to  the  T-tube  the  same  as  that  in  the  tube  which  fonnerly 
led  to  the  air,  and  placed  in  the  plethysmt^ai^  a  wooden  finger  trf 
the  same  volume  as  my  own  finger,  the  volume  of  air  in  the  plethysmo- 
graph  and  connecting  tubes  was  the  same  as  it  was  in  my  former  exper- 
iments; the  wooden  finger,  of  course,  could  not  move.  When  this 
apparatus  was  connected,  I  lowered  the  mercury  by  eight  equal  amounts 
and  then  raised  it  by  the  same  number  of  equal  amounts,  running  the 
kymograph  for  an  instant  between  each  rise  or  fall.  I  did  this  several 
times.  Then  1  measured  the  height  of  each  little  rise  or  fall  on  the 
smoked  paper  and  found  that  these  all  averaged  the  same  length  for  a 
given  position  of  tha»lever,  and  that  the  position  of  the  writing  lever 
therefore  made  no  difference  in  accurately  recording  the  vasomotor 
waves  when  it  just  touched  the  drum  when  the  piston  was  raised  just  a 
little  more  than  15  mm.  above  the  horizontal  position  of  the  lever. 
When  the  writing  point  just  touched  the  dnmi  when  the  piston  was 
raised  considerably  more  than  15  mm.  above  the  horizontal  position  of 
the  lever,  the  pressure  of  the  writing  point  on  the  drum  became  so  great, 
when  the  lever  was  horizontal,  that  the  mark  then  traced  was  much 
shorter  than  that  traced  when  the  writing  point  just  touched,  although 
both  represented  the  same  change  in  volimie.  It  is  necessary,  there- 
fore, to  move  the  writing  point  nearer  the  drum  if  the  writing  point 
rises  or  falls  much  more  than  15  mm.  from  the  horizontal  position,  and 
to  move  it  away  the  same  amount  when  it  returns. 

I  repeated  this  procedure  when  the  plunger  of  the  syringe  was  at 
one  end  of  the  syringe  and  again  when  it  was  at  the  other  end,  and 
found  that  no  difference  in  amplitude  could  be  detected  in  the  record 
for  like  changes  in  the  column  of  mercury  at  these  two  positions; 
hence  the  differences  in  the  position  of  the  plunger  of  the  syringe  in 
different  experiments,  and  differences  in  the  sizes  of  the  fingers  of 
different  subjects  which  were  in  all  cases  less  than  the  volume  of  the 
syringe,  do  not  affect  a  trustworthy  record  of  the  vasomotor  changes. 

I  found  that  a  rise  of  1  mm.  on  the  records  always  denoted  an  in- 
crease in  volume  of  the  finger  of  3  cu.  mm.,  and  that  a  fall  of  1  mm. 
on  the  record  always  registered  a  decrease  in  finger  volume  of  3  cu.  mm., 
for  changes  not  exceeding  15  mm.  above  or  below  the  horizontal  posi- 
tion of  the  lever,  and  for  all  changes  if  the  lever  is  moved  a  httlc  toward 
the  drum  when  the  rise  or  fall  exceeds  15  mm.  and  is  withdrawn  the 
same  amount  when  it  returns  to  that  point. 
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Ab  my  pieton  recorder  appeared  to  move  instantly  when  I  moved  the 
plunger  of  the  syringe,  and  as  the  latent  period  of  a  similar  piston 
recorder  tested  by  Lombard  and  Pillsbury  was  found  to  be  but  one  one- 
hundredth  of  a  second,  I  did  not  repeat  their  test.  A  latent  period  of 
less  than  a  second  would  not  affect  my  results. 

As  Lombard  and  Pillsbury  found  by  careful  experiment  that  the 
curve  traced  on  the  record  by  a  piston  recorder  similar  to  mine  was  a 
true  record  of  the  normal  pulse  curves  from  the  finger,  and  does  not 
originate  in  the  recording  mechanism,  I  shall  assume  the  same  to 
hold  true  with  my  recorder  without  repeating  their  elaborate  test 
experiment. 

The  thoracic  breathing  was  obtained  either  by  a  Sumner  pneumo- 
graph or  by  a  Verdin  pneumograph.  The  connecting  chain  was  passed 
just  below  the  subject's  armpits.  As  the  Verdin  pneumc^aph  fre- 
quently turned  over  during  the  stammerers'  contortions  and  gave  a  leas 
magnified  record  than  the  Sumner  pneumi^aph,  the  Sumner  pneu- 
mograph was  used  in  practically  all  of  the  records  so  that  the  records  of 
nonnal  speakers  and  stammerers  might  be  more  easily  compared. 

The  breathing  record  was  obtained  by  a  writing  lever  attached  to  a 
Marey  tambour  2.5  cm.  in  diameter.  The  lever  was  well  balanced 
and  consisted  of  a  bond  paper  writing  arm  with  a  very  fine  wire  at  its 
outer  end.  As  the  tip  of  the  writing  wire  was  14.3  cm.  from  the  axis 
of  the  lever,  and  the  lever  was  attached  to  the  rubber  diaphragm  of 
the  tambour  1.2  cm.  from  the  axis  of  the  lever,  the  movements  of  the 
tambour  were  magnified  twelve  times.  As  the  rubber  diaphragm  of 
the  tambour  was  uppermost  in  my  earlier  experiments,  the  top  of  the 
curve  in  these  records  represents  empty  lungs.  As  the  rubber  diap 
phragm  was  inverted  in  my  later  experiments,  including  most  of  the 
work  with  the  finger  plethysmograph,  the  top  of  the  curve  represents 
full  lungs  in  these  records;  this  seemed  more  logical  and  made  the 
records  of  the  stammerers  easier  to  read.  Unless  specifically  men- 
tioned to  the  contrary,  the  top  of  the  records  here  reproduced  will 
represent  full  lungs  and  the  bojttom  of  tJie  records  empty  lungs. 

The  breathing  record  is  a  valuable  check  on  the  plethysmc^rafdiie 
curve  as  it  shows  what  sudden  changes  in  the  plethysmographic  rec- 
ord are  caused  by  deep  breathing,  yawning,  laughter  or  sneezing.  The 
breathing  record  was  especially  usefid  in  comparing  the  breathing  of 
stammerers  and  normal  speakers  while  reading  the  same  passage.  I 
used  the  pneumograph  only  for  this  purpose. 
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A  thin  celluloid  writing  lever,  pointed  at  the  outer  end,  was  attached 
to  each  of  the  electromagnete.  The  upper  magnet  was  connected 
with  a  two-wt^  switch.  One  side  of  this  switch  was  connected  with  a 
time  key  which  could  be  pressed  by  the  operator  and  with  another 
key  which  could  be  pressed  by  the  subject.  Hie  other  side  of  the 
switch  was  comiected  with  one  side  only  of  a  large  electric  pendulum 
niaking  one  stroke  a  second;  this  caused  the  magnet  to  chck  and  mark 
the  rec<H-d  every  two  seconds.  When  the  clock  happened  to  be  out  of 
order,  I  used  a  stop  watch  and  made  marks  on  the  record  at  known 
intervals  by  pressing  the  operator's  time  key;  as  the  kymograph  ro- 
tated at  practically  a  unifonn  rate,  the  time  could  be  interpolated 
pretty  accurately  between  any  two  points  on  the  record.  The  lower 
electromagnet  was  connected  a,  with  the  Operator's  signal  key;  6,  to  a 
key  which  could  be  pressed  by  the  subject;  e,  in  series  with  a  signal 
li^t  in  front  of  the  subject  through  a  switch  near  the  operator  and 
d,  in  parcel  with  a  faint  signal  buzser  near  the  subject  through  another 
switch  near  the  operator;  thus  signals  were  recorded  on  the  record  the 
instant  they  were  given,  unless  the  operator-  had  to  use  one  hand  to 
make  the  stimulus,  as  in  blowing  a  whistle,  and  press  his  signal  key 
with  the  other  hand,  when  there  was  apt  to  be  an  error  of  a  fraction  of 
a  second.  Such  an  error,  however,  was  too  small  to  influence  the 
results,  as  I  did  not  try  to  make  any  measurements  in  fractions  of  a 
second,  whole  seconds  being  accurate  enough  for  the  purposes  of  these 
experiments. 

Procedure.  The  arrangement  of  the  apparatus  used  is  shown  in 
the  accompanying  photograph.  The  writing  points  of  the  four  re- 
corders were  adjusted  to  write  in  the  same  vertical  line  when  the  re- 
cording levers  were  horizontal.  The  time  recorder  was  at  the  top, 
the  operator's  signal  recorder  next  below,  the  tambour  recorder  which 
traced  the  breathing  curve  below  that  and  the  piston  recorder,  which 
traced  the  vasomotor  changes,  was  at  the  bottom.  I  adjusted  the 
swing  at  a  comfortable  height  for  the  subject's  arm  and  then  adjusted 
the  elbow-rest.  Next,  when  the  subject's  lungs  were  half  full  of  air,  I 
put  on  the  pneumograph  so  that  its  writing  lever  would  be  above  the 
horizontal  position  as  much  of  the  time  as  it  was  below  it,  and  thus 
work  more  nearly  straight  up  and  down.  After  requesting  the  sub- 
ject to  remain  quiet  until  the  experiment  was  over,  I  then  closed  the 
outlet  from  the  tube  which  connected  the  finger  plethysmograph  with 
the  air.  When  the  writing  point  of  the  piston  recorder  remained  stil! 
for  a  few  seconds,  showing  that  the  temperature  within  the  tubii^  bad 
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ceased  to  rise  noticeably,  I  started  the  kymograph.  As  I  was  iDter- 
eated  in  the  volume  changes  rather  than  in  the  shape  of  the  pulse,  I 
nut  the  kymograph  at  low  speed;  hence  little,  if  any,  pulse  waves  are 
noticed  in  these  records.  Very  distinct  pulse  waves  appeared  in  stsne 
subjects,  however,  whenever  the  kymograph  revolved  at  hi^  speed. 
I  ran  the  kymograph  for  about  a  minute  before  any  stimulus  was  given, 
in  order  to  obtain  a  normal  record  from  which  to  measure  the  reac- 
tions to  the  stimuli  that  followed;  during  this  normal  period  I  asked 
the  subject  to  rranain  as  cahn  and  as  quiet  as  ;>06sible  so  that  no  emo- 


FtR.  2 

tions  or  movements  would  affect  this  normal  reference  line.  After  the 
stimulus  was  given,  at  least  a  minute  was  allowed  for  the  piston  re- 
corder to  return  to  its  normal  level,  unless  it  returned  much  sooner. 
Sometimes  several  stimuli  were  given  in  quick  succession;  sometimes 
stimuli  were  given  at  intervals  of  a  few  minutes;  sometimes  but 
one  or  two  stimuli  were  given  in  an  entire  period  of  an  hour.  The 
kym<^aph  was  stopped  at  intervab  to  secure  reference  lines  from  the 
four  recorders,  to  make  sure  they  were  keeping  in  a  vertical  line.  The 
subjects  were  allowed  to  rest  and  to  move  whenever  they  became  tired 
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or  uacomfortsble  or  whenever  their  records  showed  frequent  tara 
movements;  but  first  they  always  asked  the  experimenter's  pennission 
to  move.  A  screen  was  always  placed  between  the  experimenter  and 
the  subject  so  that  the  subject  could  not  see  what  stimulus  was  next  to 
be  given  and  the  operator  was  careful  not  to  make  a  noise  when  hand- 
ling stimuli. 

I  had,  as  subjects,  thirteen  graduate  students  or  college  seniors  and 
ten  stammerers.  The  normal  speakers  were  experimented  upon  once 
each  week  at  the  same  hour,  between  9  ajn.  and  1  p.m.;  three  came 
for  two  months,  six  came  for  four  months  and  four  came  for  eight 
months.  Nine  were  men,  four  were  women.  The  stammerers,  all  young 
men  with  the  exception  of  one  boy,  came  at  irregular  intervals,  fre- 
quently in  the  evening  after  a  hard  day's  work;  some  came  but  once  or 
twice.  I  selected  from  about  one  hundred  students  at  the  Boston 
Stammerers'  Institute  those  who  could  be  depended  upon  to  stammer 
whenever  they  were  called  upon  to  read  and  those  who  did  not  move 
their  arms  violently  while  stammering;  a  large  majority  of  the  pupils 
could  not  be  experimented  upon..  As  most  of  the  pupils  experimented 
upon  learned  to  read  without  hesitancy  within  two  weeks  from  the 
time  they  entered  the  Institute,  they  could  not  long  be  experimented 
upon  as  stammerers.  Some  came  to  the  laboratory  at  various  intervals 
during  their  cure,  so  that  I  could  study  the  vasomotor  changes  at 
different  parts  of  their  cure  and  compare  them. 

I  gave,  in  all,  about  1000  stimuli.  A  large  majority  of  the  records 
had  to  be  discarded  because  they  were  obscured  by  arm  movements. 
Less  than  I  per  cent  of  the  reactions  to  stimuh  with  the  Lehmann 
plethysmograph  were  comparatively  free  from  arm  movements. 
About  150  reactions  to  stimuli  were  retained  and  measured. 

I  employed  the  following  method  to  obtain  the  fall  or  rise  in  milli- 
meters of  the  recording  needle  during  an  emotion,  the  time  in  seconds 
from  the  stimulus  to  the  lowest  or  highest  point  of  the  curve  traced 
immediately  after  the  stimulus  was  given  and  the  time  in  seconds  from 
this  lowest  point  to  the  return  of  the  needle  to  normal.  I  placed  a 
transparent  celluloid  triangle  over  the  record  and  moved  it  around 
until  I  got  one  edge  over  what  seemed  to  be  tiie  route  the  needle  would 
have  taken  if  the  stimulus  had  not  been  given,  allowing  for  all  arm 
movements  as  far  as  possible.  If  I  did  not  wish  this  part  <A  the  record 
for  reproduction,  I  then  drew  a  line  with  a  fine  needle  along  this  path 
which  the  recording  needle  would  have  traced  if  no  stimulus  had  been 
presented ;  if  I  wished  to  preserve  the  record  for  publication,  I  left  the 
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triangle  lying  there.  The  line  traced  by  the  needle  wae  never  parallel 
to  the  time  line,  for  the  tube  was  usually  either  wanning  up  a  little  or 
cooling  down  a  little  even  when  I  tried  to  keep  the  room  temperature 
constant.  The  lowest  or  highest  point  of  the  curve  was  obtained  by 
placing  a  second  triangle  touching  the  first  before  it  was  moved  from 
this  position,  and  sliding  the  first  triangle  along  the  second  until  it 
became  tangent  to  the  lowest  or  highest  point  of  the  curve.  This 
position  of  tangency  was  marked  on  the  record  with  a  sharp  needle. 
I  next  placed  a  triangle  aloi^  reference  lines  taken  at  intervals  on 
records  to  ascertain  whether  the  ends  of  the  piston  recorder,  tambour 
recorder  and  two  electromagnet  recorders  were  keeping  in  a  straight 
vertical  line,  so  as  to  be  tangent  to  the  reference  marks  traced  by  the 
operator's  key  and  the  piston  recorder.  I  placed  a  second  trian^e 
touching  the  first  and  slid  the  first  along  the  second,  marking  on  the 
time  line  the  point  corresponding  with  the  instant  the  stimulus  was 
given,  the  point  corresponding  to  the  moment  when  the  fall  of  the 
needle  was  at  its  maximum  and  the  point  corresponding  with  the 
instant  when  the  needle  returned  to  normal.  By  counting  the  time 
notches  between  these  marks,  I  obtained  the  two  times  referred  to 
above.  By  placing  one  leg  of  a  ri^t  triangle  on  the  time  line  with 
the  other  leg  passing  through  the  lowest  point  of  the  plethysmogram, 
I  was  able  to  measure  along  the  latter  leg,  with  a  millimeter  scale,  the 
drop  to  the  lowest  point  of  the  curve  from  the  standard  line  tbe  needle 
would  have  traced  if  no  stimulus  had  been  given.  If  an  arm  move- 
ment was  noticed  and  the  needle  did  not  return  to  this  standard  line 
within  a  minute  from  the  time  the  last  stimulus  was  given,  that  part  of 
the  record  was  discarded.  Ann  movements  could  usually  be  readily 
distinguished  because  of  their  abruptness.  If  a  record  contained  aim 
movements  at  intervals  of  an  inch  or  two,  I  discarded  that  part  of  the 
record,  because  these  movements  showed  that  the  subject  was  then 
too  nervous  to  keep  still,  so  that  it  was  impossible  to  get  an  accurate 
reference  line. 

Among  the  stimidi  employed  at  one  time  or  another  to  arouse  emo- 
tions in  both  nonnal  speakers  and  stammerers  were  the  following: 

1.  A  shrill  whistle. 

2.  A  loud  crash,  sometimes  in  front  of  the  subject,  sometimes  behind 

3.  A  sudden  yell  from  the  operator. 

4.  The  report  from  a  cap,  sometimes  placed  in  the  book  the  subject 
was  asked  to  read  so  that  it  would  go  off  when  he  opened  the  book. 
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5.  The  sudden  entrance  of  a  third  person  into  the  rocnn. 

6.  A  loud  sneeze  by  the  operator. 

7.  The  subject  read  silently  an  exciting  story  or  grueGome  descrip- 
tion and  pressed  a  key  whenever  he  experienced  an  emotion. 

8.  The  operator  let  down  an  artificial  spider  on  a  string  close  to  the 
subject'a  head. 

9.  The  subject  was  directed  to  take  an  unpleasant  unknown  object, 
such  as  a  rubber  snake,  out  of  a  cloth  bag. 

10.  The  operator  threw  a  light,  artificial  rubber  snake  at  the 
subject. 

11.  The  operator  aimed  at  the  subject  a  noisy,  self-propeUed  red 
balloon. 

12.  The  operator  placed  close  to  the  subject  material  for  a  bonfire, 
oUed  it  in  his  presence  and  told  him  to  open  the  match  box  given  him 
at  a  signal  and  light  the  fire.  (When  the  subject  pressed  the  catch 
to  open  the  match  box,  a  spring  made  it  fall  apart.) 

13.  A  large  mechanical  bug  crawled  toward  the  subject. 

14.  The  operator  set  near  the  subject  a  mechanical  frog  adjusted  to 
jump  six  feet  into  the  air  about  half  a  minute  after  being  placed. 


As  arm  movementa  affected  most  of  the  curves  traced  by  the  piston 
recorder  when  it  was  attached  to  the  arm  plethysmograph,  no  rec<»^ 
made  with  the  ann  plethysmograph  are  included  in  the  following 
tables.  Although  these  curves  could  not  be  accurately  measured  and 
compared,  they  confirmed  the  results  tabulated  below. 

All  of  the  curves  showed  vasoconstriction  in  the  finger  both  during 
stammering  and  during  the  emotional  disturbance  induced  by  a  loud, 
sudden  stimulus  such  as  a  shrill  whistle,  n^ch  will  hereafter  be  called 
skock.  A  small  proportion  of  the  curves  showed  a  slight  rise  for  three 
or  four  seconds,  followed  by  a  decided  fail  of  considerable  duration. 

In  all  of  the  tables,  "fall  in  millimeters"  was  measured  from  the  path 
the  writing  needle  of  the  piston  recorder  would  have  taken  had  no 
stimulus  been  given,  to  the  lowest  point  of  the  curve  immediately 
following  the  stimulus.  If,  diu-ing  a  long  period  of  staimnering,  there 
was  a  temporary  rise  followed  by  a  greater  fail  than  the  first  one,  the 
greater  drop  was  the  one  measured.  Figures  4  and  6  show  the  method 
of  measuring  these  falls,  "t"  was  measured  in  seconds  from  the 
instant  the  stimulus  was  given  to  the  time  when  the  recording  needle 
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first  attained  the  maximum  drop.  "T"  was  measured  in  seconds  from 
the  end  of  "t"  to  the  time  when  the  recordii^  needle  first  retmned  to 
the  path  it  would  have  taken  had  no  stimulus  been  given,  unless  the 
time  of  maximum  drop  occurred  during  a  long  period  of  stammering, 
when  "T"  was  measured  from  the  end  of  the  stammering  period  in- 
stead of  from  the  end  of  "t."  Under  each  of  the  headings  "fall," 
"t"  and  "T,"  the  maximum,  the  average,  and  the  minimum  are  given, 
so  that  individual  diSereoces  may  be  studied. 

Table  2  shows  the  vasomotor  changes  in  seven  nonnal  speakers  dur- 
ing shock  induced  by  the  six  kinds  of  stimuli  named  in  table  3.  These 
subjects  are  listed  in  the  order  of  decreasing  magnitude  of  fall.    This 

TABLE  1 
Vatomolor  changes  in  individual  normal  speakert  accompanyino  ikoek 


NtTUlU  or 

muDU 

r^. 

..»„«,»« 

r«™»«» 

S™ 

Nl* 

Mini- 

Hui- 

w 

Hiai- 

Hui- 

*iS?" 

Uini- 

5 
15 
12 

9 
13 

9 

4 

26 
20 
19 
13 
16 
20 

21 
13 
10 
8 
8 
6 
4 

is 

16 
22 
43 
44 
28 
70 
51 

10 
11 
14 
23 
14 
31 
32 

5 
2 
3 
6 
8 
7 
23 

100 
95 
98 
75 
98 
04 
64 

56 
35 
36 
47 
39 
31 
37 

3 

10 

D                        ..   . 

12 

67 

i 

17 

10 

5 

39 

18 

8 

85 

39 

table  shows  that  these  subjects  are  also  arranged  approximately  in  the 
m-der  of  increasing  length  of  "t,"  but  in  the  order  of  decreasing  length 
of  "T"  the  correlation  between  the  average  "Falls"  and  "t's"  being 
—0.775,  and  the  correlation  between  the  average  "Falls"  and  "T's" 
being  +0.908.  The  order  is  the  same,  in  practically  every  case,  both 
for  the  maximum  and  for  the  average.  This  table  shows,  therefore, 
that  for  the  subject  who  has  a  relatively  large  fall,  the  time  of  fall  is 
relatively  short;  for  example,  subject  E's  average  fall  of  21  mm.  occurred 
in  an  average  of  10  seconds,  whereas  subject  D's  average  fall  of  4  mm. 
occurred  in  an  average  of  32  seconds.  This  table  shows,  furthermore, 
that  those  subjects  who  experience  the  largest  faUs  also  have  the  slow- 
est recovery  and  the  individual  cases  show  that  the  greater  the  fall. 
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the  Blower  is  the  recovery.  A  study  of  the  individual  cases  shows  that 
subjects  do  not  vary  any  more  from  day  to  day  than  they  vary  during 
a  single  hour.    As  table  3  indicates,  these  differences  for  the  same 


of  different  intensity 

thock  brought  on 

by  atimtdi 

™'du 

Nii- 

»Lt.«-.^-«.«. 

t.»..™»t- 

T«,«o™ 

Uui- 

M* 

Mini- 

Hui- 

Ant. 

Mini- 

Mui- 

ff 

Mioi- 

5 
10 

5 
IB 

3 

7 

26 
18 
16 
23 
7 
11 

18 
10 

7 
6 
8 

5 
2 

34 
24 
38 
51 
70 
23 

14 
12 
14 
19 
31 
15 

2 

e 
e 

2 

100 
80 
00 
98 
40 
72 

63 
30 
40 
34 
29 
31 

Threw  snake.... 
Crash 

13 
11 

ToUl 

49 

7 

Average 

17 

10 

4 

40 

17 

» 

75 

30 

14 

Vatomolor  ehanfei 


TABLE! 

n  itammtTtrs  accompanying  ihoek  brought  oA  by  ttimuli  of 
different  intensity 


Gun 

Whistle 

Threw  snake. 

Crash 

Yell 

Spider 

Total 

Average... 


subject  are  due  to  the  intensity  of  the  stimuli  and  to  the  degree  of 

surprise  involved.    All  these  tables  show  decided  individual  difFerences. 

Table  3  shows  the  reactions  of  the  seven  nonnal  speakers  listed  in 

tablo  2  to  six  stimuli  of  different  intensity.    Table  4  shows  the  reac- 
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tiona  of  ten  stammerers  to  the  same  stimuli.  These  tables  show  that 
the  more  intense  the  stimulus  is,  the  greater  is  the  vasoconstriction 
and  the  slower  is  the  recovery.  A  close  examination  of  the  individual 
curves  showed  that  the  more  unexpected  the  stimulus  is,  the  greater  is 
the  vasoconstriction  and  the  slower  is  the  recovery;  this  is  seen  when 
the  reaction  to  the  first  gun  fired  is  compared  with  that  to  later  reports 
of  the  same  gun,  or  when  the  whistle  is  blown  several  times  on  the  same 
momiug  and  the  successive  reactions  are  cmnpared,  or  when  the  intro- 
spections of  the  subjects  tell  which  records  to  compare.  These  tables 
also  show  that  stammerers  as  a  class  experience  greater  and  more  rapid 
vasoconstriction  and  slower  recovery  in  shock  than  do  normal  speakers. 

TABLE  i 
Viuotnotor  changes  in  individual  slananeTerg  accompanying  shock 
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Table  5  shows  the  reactions  of  eight  stammerers  to  shock  produced 
by  the  six  stimuli  listed  in  table  4.  This  table,  hke  table  2,  shows  that 
those  stammerers  who  experience  a  relatively  great  vasoconstriction 
also  require  a  relatively  long  time  for  recovery,  the  correlation  between 
the  average  "Falls"  and  "T's"  being  +0.698.  It  shows,  also,  that 
those  subjects  who  experienced  relatively  great  vasoconstriction  tend, 
like  nonnal  speakers,  to  have  relatively  rapid  vasoconstriction,  a!- 
though  the  correlation  between  the  average  "Falls"  and  "t's"  is  but 
—0.039.  This  is  not  so  striking  as  for  the  n(»ina]  speakers,  because 
fewer  stimuli  were  given  and  the  stammerers  had  not  been  trained  to 
keep  their  arms  still,  as  had  the  normal  speakers;  nevertheless  this 
relationship  is  noticeable  in  the  first  four  subjects  listed.    The  stam- 
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merers  experienced  80  per  cent  greater  vaaoconstrictioD  than  did  the 
normal  speakers,  and  this  attained  its  maximuni  in  two-thirds  the  time 
it  did  in  normal  speakers.  The  time  of  recovery  was  23  per  cent 
longer  for  the  stammerers  than  for  the  normal  speakers.  The  maxi- 
mum fall  for  stammerers  was  almost  double  the  maximum  fall  for 
aormal  speakers,  and  the  minimum  time  of  recovery  was  nearly  three 
times  as  long  for  the  stammerers  as  it  was  for  the  normal  speakers. 
Shock,  therefore,  is  a  greater  emotional  disturbance  ip  tiie  average 
stammerer  than  it  is  in  the  aver^^  normal  speaker.  An  examination 
of  the  individual  reactions  shows  clearly  that  the  greater  the  vasocon- 
striction is,  the  slower  is  the  recovery  in  practicaUy  every  case.  The 
relation  between  the  magnitude  of  the  fall  and  the  rapidity  of  the  fall 
is  not  so  definite  when  we  study  the  individual  curves  of  nonnal  speak- 
ers and  stammerers.  In  about  half  of  the  subjects,  the  time  of  fall  is 
about  the  same  for  both  large  and  small  falls;  in  others  it  is  roughly 
proportional  to  the  fall,  in  others  it  is  roughly  inversely  propcHtional 
to  the  fall,  and  in  still  others  there  is  no  relationship  whatsoever. 

Table  6  shows  the  vasomotor  changes  of  the  eight  stammerers  listed 
in  table  5  during  stammering.  For  these  ei^t  stammers?  as  a  class, 
the  average  drop  was  20  per  cent  greater  in  shock  than  in  stammering 
and  the  average  time  of  recovery  was  2  per  cent  longer  than  in  stam- 
mering. For  stammerers  as  a  class,  therefore,  stanmiering  is  almost  aa 
great  an  ^notional  disturbance  as  shock.  If  the  curves  of  shock 
caused  by  the  shots  are  disregarded  from  the  results  it  will  be  seen  that 
stammering  produces  a  greater  emotional  disturbance  than  shock,  for 
the  average  fall  is  exactly  the  same  and  the  time  of  recovery  is  16 
per  cent  longer  in  stammering  than  in  shock.  It  will  be  noticed  that 
the  eubjectfi  are  arranged  in  both  table  5  and  table  6  in  the  order  of 
decreasing  magnitude  of  the  fall,  and  that  the  subjects  do  not  occupy 
the  same  places  in  the  two  tables.  Thus  Bo,  who  was  last  in  t^le  5, 
is  practically  first  in  table  6.  Web,  who  occupied  first  place  in  table  5, 
has  the  last  place  in  table  6.  With  the  exception  ot  Fa,  who  reacted 
but  once  to  a  single  stimulus  and  who  can  therefore  hardly  be  assigned 
to  a  relative  postion  in  table  5,  the  other  subjects  occu^ued  about  the 
same  places  in  the  two  tables.  It  is  clear  that  the  subjects  are  not 
in  reverse  order  in  the  two  tables.  It  simply  happened  that  Web  was 
the  slightest  stammerer  of  the  eight  and  was  greatly  affected  by  shock, 
and  that  Bo,  a  senior  medical  student,  was  one  of  the  severest  stam- 
merers of  the  eight,  and  was  little  affected  by  shock.  The  conation 
between  table  5  and  table  6  is  high,  being  -1-0.919  for  the  "Falls"  and 
+0.897  for  the  "T's,"  if  Fa  is  excluded. 
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A  Htudy  of  the  individual  records  shows  that  the  time  of  recovery 
bears  no  relation  to  the  length  of  the  passage  read  but  is  dependent, 
rather,  on  how  severely  the  subject  stammered  while  reading  the  pas- 
si^,  especially  at  or  near  the  end  of  the  passage.  If,  in  the  middle  of 
the  passage,  the  stammerer  got  a  good  start,  he  stammered  little  and 
the  needle  began  to  rise;  if  he  then  met  a  hard  word  and  either  became 
afraid  of  it  or  began  to  stammer  severely,  the  needle  fell;  if  such  a 
hard  word  occurred  near  the  end  of  the  passage  read,  the  needle  had 
further  to  rise,  and  "T"  was  lengthened.  The  time  of  recovery  never 
occurred  during  a  stammering  interval,  and  it  occurred  but  twice  at 
the  end  of  a  stammering  interval — once,  after  a  subject  who  never 
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stammered  while  reading  after  his  eighth  lesson  had  been  reading 
aloud,  and  once  when  the  maximum  drop  occurred  more  than  a  minute 
before  the  end  of  a  four-minute  reading  period  in  a  curve  where  it  was 
difficult  to  obtain  an  accurate  reference  line.  In  only  two  other  cases 
did  this  recovery  take  place  within  twenty  seconds;  twice  Web,  the 
slightest  stammerer  in  the  group,  recovered  in  16  seconds.  The  recov- 
ery was  accomplished  in  from  20  to  25  seconds  in  nine  cases,  seven  of 
these  being  the  curves  of  the  two  slightest  stammerers;  in  from  25  to 
30  seconds  in  six  cases;  in  from  30  to  40  seconds  in  six  cases;  in  from 
40  to  SO  seconds  in  eight  cases;  in  from  50  to  60  seconds  in  seven  cases; 
in  from  60  to  80  seconds  in  six  cases;  in  from  80  to  100  seconds  in  six 
cases;  and  in  more  than  100  seconds  in  foui-  cases.    Thus  the  recovery 
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occurred  within  twenty  seconds  in  but  7  per  cent  of  the  stammering 
curves,  and  then  only  in  the  plethysmogTame  of  the  two  slightest 
stammerers  and  in  one  other  which  was  in  doubt.  It  took  place  in 
from  20  to  30  seconds  in  27  per  cent  of  the  curves,  73  per  cent  of  these 
curves  being  those  of  the  three  slightest  stammerers.  It  was  com- 
pleted in  from  30  seconds  to  1  minute  in  37  per  cent  of  the  cases,  and 
in  more  than  1  minute  in  29  per  cent  of  the  cases.  Eighty-one  per  cent 
of  the  latter  were  the  curves  of  subjects  Bo,  De  and  \Vi,  who  were 
among  the  four  severest  stammerers.  The  worse  a  person  stammers, 
therefore,  the  slower  is  the  recovery. 

Before  compiling  these  tables,  I  arranged  the  eight  stammerers  in 
the  order  of  decreasing  severity  of  impediment  as  follows:  Fa,  Wi  and 
Dc,  Bo  and  Li  (in  doubt,  as  neither  bad  completed  bis  course  at  the 
Boston  Stammerers'  Institute),  Ad,  An  and  Web.  It  will  be  seen  that 
the  order  in  table  6  is  very  much  like  the  order  in  my  estimate  as  to 
the  severity  of  the  several  cases,  the  correlation  being  +0,79;  hence 
the  amount  of  vasoconstriction  and  the  time  of  recovery  are  important 
factors  in  determining  the  severity  of  an  impediment  of  speech.  As 
some  subjects  are  more  sensitive  than  others,  the  ratio  of  time  of  re- 
covery from  stammering  to  the  time  of  recovery  from  shock  is  a  more 
accurate  estimate  of  the  severity  of  a  case,  a  ratio  more  than  1.35 
being  a  severe  case,  a  ratio  of  unity  being  about  an  average  case  and  a 
ratio  less  than  0.65  being  a  moderate  case.  According  to  this  ratio 
of  recovery  times,  the  following  order  of  decreasing  severity  of  impedi- 
ment is  obtained.  Bo. .  .2.50,  Fa.  .1.56,  De...l.46,  Li.. 1.14,  Wi... 
1.11,  Ad. .  .0.62,  An. .  .0.61  and  Web. ,  .0.39,  the  correlation  with  my 
estimated  order  being  +0.76.  If  another,  similar  ratio  is  found,  the 
ratio  of  the  average  fall  accompanying  stammering  to  that  accompany- 
ing shock,  the  following  is  the  order  of  decreasing  seventy  of  impedi- 
ment: Bo. .  .3.33,  Fa. .  .1.33,  De. .  .1.07,  Li. .  .1.00,  An. .  .1.00,  Wi. . . 
0.91,  Ad. .  .0.60  and  Web. ,  ,0.42,  the  correlation  with  my  estimated 
order  being  +0.61,  and  the  correlation  with  the  time  of  recovery  ratio 
being  0.90.  The  order  is  the  same  in  the  time  ratio  and  the  fall  ratio 
with  the  exception  of  An,  who  comes  two  places  earlier  in  the  latter 
than  in  the  former.  As  the  magnitude  of  the  fall  is  affected  by  the 
varying  pressure  of  the  writing  needle  on  the  drum  and  by  finger  move- 
ments, the  time  of  recovery  ratio  is  the  more  accurate  of  the  two. 

A  study  of  the  individual  plethysmograms  shows  that  if  a  stammerpr 
who  has  been  taught  to  read  without  hesitancy  attempts  to  read  when 
the  peripheral  vasoconstriction  from  shock  is  at  its  maximum,  he  will 
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stammer  severely;  if  be  reads  the  aame  paegage  a  minute  later  after 
this  constriction  has  ceased,  he  does  not  stammej.  If  a  normal  speaker 
is  about  to  speak  a  word  when  a  shrill  whistle  is  blown,  the  sound  of 
that  word  is  suddenly  lost  and  he  is  unable  to  say  it  until  peripheral 
vasoconstriction  has  ceased;  that  is,  he  becomes  a  temporary  stam- 
merer. The  typical  stammering  curve  remains  low  throughout  the 
interval  of  stammering,  with  occasional  temporary  increases  and 
decreases  in  the  low  volume.  When  stammerers  are  partially  cured, 
the  amount  of  peripheral  vasoconstriction  decreases  and  the  time  of 
recovery  decreases.  When  the  stammerer  is  cured,  his  record  shows 
no  drop  unless  it  has  the  same  brief  attention  drop  that  regularly 
accompanies  other  shifts  of  his  attention.  If  stammering  begins  with 
an  attention  drop  as  normal  speech  does  in  some  subjects,  the  stam- 
mering eurve  will  remain  low  throughout  the  stammering  interval 
while  the  normal  speech  curve  will  begin  at  once  to  return  to  normal 
and  will  sometimes  rise  above  normal  as  shown  in  figure  9.  Subjecte 
who  give  an  attention  drop  when  they  commence  to  read  or  speak  are 
apt  to  give  a  smaller  one  when  they  stop  reading  or  speaking.  This 
delays  the  recovery  in  both  stammering  and  normal  speech ;  it  is  more 
noticeable  on  the  normal  speech  curve  because  the  curve  is  already 
low  on  the  stammering  plethyamc^ams.  Less  than  half  of  the  sub- 
jects show  a  decided  attention  drop;  those  who  give  it  for  reading  also 
give  it  for  every  shift  of  attention;  hence  it  can  readily  be  distinguished 
as  an  attention  drop. 

Most  of  the  stammerers  who  served  as  subjects  had  no  fear  of  stam- 
mering in  my  presence  and  hence  could  not  imagine  themselves  in 
embarrassing  surroundings.  Those  who  were  able  to  imagine  th«n- 
selves  in  tight  places  were  told  that  they  would  be  called  upon  to  in- 
troduce two  persons  or  to  buy  a  prescribed  article  at  a  store  in  a  given 
number  of  seconds.  Dining  this  period  of  suspense,  Web  averaged  a 
drop  of  11  mm.  in  an  average  of  14  seconds  and  Wi  averaged  a  drop  of 
19  mm.  in  an  average  of  41  seconds.  This  shows  that  the  fear  of 
stammering  causes  marked  vasoconstriction  even  when  a  stammerer 
is  making  no  effort  to  speak. 

It  is  useless  for  a  stammerer  to  attempt  to  apeak  without  hesitancy 
until  peripheral  vasoconstriction  has  ceased;  hence  he  must  wait  at 
least  twenty  seconds  before  he  commences  to  speak  and  should  wait 
nearly  a  minute  if  he  is  a  severe  stammerer. 

It  will  be  seen  that  my  results  do  not  agree  with  Fletcher's.  Fletcher 
found  that  in  90  per  cent  of  his  records  a  rise  in  the  plethysmogram 
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began  immediately  after  the  initial  attention  drop  and  usually  lasted 
until  the  end  of  the  stammering  period;  I  found  that,  with  very  few 
excepbionfl,  the  curve  remained  low  from  this  attention  drop  to  the  end 
of  the  stammering  period.  Fletcher  has  published  only  a  portion  of 
two  curves;  the  rise  is  not  conclusive  in  either.  In  his  plate  D,  the 
writing  point  which  traced  the  pneumogram  kept  interfering  with  the 
writing  point  which  traced  the  plethysmogram  throuf^out  the  rise, 
lifting  it  forcibly  in  several  places.  In  his  plate  E,  there  is  no  normal 
reference  line  to  go  by;  the  curve  is  cut  from  the  middle  of  a  period  of 
stammering,  and  no  nonaal  curve  is  shown  either  befwe  or  after  the 
subject  stammered.  The  curve  looks  like  some  of  mine  that  wen 
traced  immediately  after  the  subject  placed  his  finger  in  the  plethys* 
mograph  when  the  air  in  the  tubing  was  still  warming  enough  to  expand 
and  cause  the  recording  needle  to  rise  steadily;  I  suspect  that  either 
the  reran  or  the  air  in  Fletcher's  connecting  tubes  was  warming,  caus- 
ing the  air  in  the  tubes  to  expand  and  raise  the  writing  point,  and  that 
the  same  rise  or  a  greater  one  would  have  occurred  during  reverie.  I 
frequently  found  gradual  rises  due  to  slow  movonenta  in  the  finger 
after  attention  drops,  especially  in  shock;  these  gradual  mov^nent  rises 
were  always  much  steeper  than  the  general  rise  going  on  at  the  same 
time,  and  ended  in  a  gradual  drop  followed  by  a  gradual  return  to  the 
normal  level  in  approximately  that  straight  line,  which,  if  produced, 
would  pass  through  the  point  where  the  movement  rise  first  began. 
If  these  gradual  movement  rises,  due  to  involuntary,  slow  tightening  or 
relaxing  of  the  finger  lasted  for  several  seconds,  it  is  reasonable  to 
suppose  that  they  would  last  longer  in  the  arm  and  that  Fletcher  may 
have  mistaken  them  for  vasodilatation  when  he  happened  to  atop  the 
kymograph  before  the  movement  ceased  and  the  curve  began  to  fall. 
I  used  the  Lehmann  and  the  finger  plethysmographs  simultaneously 
on  one  subject  and  found  that  when  the  finger  plethysmograph's 
recorder  showed  vasoconstriction,  arm  movements  within  the  leh- 
mann ptethysmograph  often  caused  its  recorder  to  register  vasodilata- 
tion; the  abrupt  nature  of  these  rises  showed  that  they  must  be  due 
to  arm  movement.  All  stammerers  continually  move  their  arms  while 
stammering  but  seldom  realize  the  minor  movements,  These  move- 
ments affect  the  Lehmann  plethysmograph  much  more  than  they  afi'ect 
the  finger  plethysmograph;  it  was  for  this  reason  that  I  discarded  the 
former  in  favor  of  the  latter.  I  think  Fletcher  expected  a  rise  and  was 
therefore  prejudiced  when  tabulating  hb  results.  He  may  have  cUs- 
carded  curves  in  which  there  was  a  fall,  believing  this  fall  was  caused 
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by  ann  movements.  Both  Fletclier  and  I  found  that  the  distortions 
of  the  plethysmograms  are  correlated  with  the  severity  of  the  stam- 
mering; I  found,  however,  that  the  amount  of  the  general  fall,  rather 
than  of  the  general  rise,  was  correlated  with  the  severity  of  the 
stammering. 

My  results  also  confinn  Fletcher's  statement  that  the  curve  showed 
no  positive  changes,  and  showed  in  certain  cases  a  slight  decline  when 
the  subjects  were  able  to  imagine  themselves  in  situations  where  they 
would  be  likely  to  stammer;  my  subjects  who  not  only  imagined  them- 
selves in  such  situations,  but  actually  lived  over  again  such  occasions, 
gave  a  marked  drop  (vasoconstriction),  whereas  those  who  were'  unable 
to  live  over  again  the  embarrassing  experience  gave  neither  a  rise  nor  a 
fall.  The  same  vasomotor  changes  are  to  be  expected  whether  a 
staimnerer  actually  stammers  or  whether  he  lives  over  again  a  situa- 
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tion  in  which  he  stammered  severely;  my  results  showed  vasoconstric- 
tion (never  vasodilatation)  in  both  cases;  Fletcher  looked  for  vaso- 
dilatation in  both  and  was  surprised  to  find  vasoconstriction  or  else  no 
vascTOotor  change  when  the  stammerer  imagined  himself  in  a  situation 
where  he  would  be  apt  to  stammer.  As  such  a  situation  would  be  apt 
to  be  more  free  from  arm  movements  than  would  a  similar  attack  of 
stammering,  I  think  that  these  results  of  Fletcher's  are  correct  and 
that  the  stammering  results  are  misinterpreted. 

Table  7  shows  the  comparative  vasomotor  changes  in  shock  pro-  - 
duced  by  short  stimuli,  long  stimuli  and  compound  stimuli.  All  curves 
are  those  of  seven  normal  speakers.  Short  stimuli  include  those  Ustcd 
in  table  3.  Long  stimuli  include  reading  silently  several  paragraphs 
from  a  very  exciting  novel  or  from  a  very  horrible  description  such  as 
Murders  in  the  Rue  Morgue;  taking  an  unpleasant,  unknown  object, 
such  as  an  artificial  snake,  out  of  a  cloth  bag;  seeing  material  for  a 
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bonfire  placed  and  being  told  to  light  it  at  a  signal;  and  watching  a 
mechanical  frog  set  to  go  off  several  seconds  after  being  placed.  Com- 
pound  stimuli  consist  of  several  short  stimuh  given  simultaneously  oi 
in  quick  Bucoessitm.  It  is  evident  that  "t"  will  be  lengthened  in  long 
stimuli  and  in  cmnpound  stimuU  given  at  intervals  of  a  few  seconds 
and  that  "T"  will  be  lengthened  when  the  time  of  maximum  fall  occurs 
near  the  beginning  of  a  long  stimulus  or  after  the  first  part  of  a  com- 
pound stimulus.  This  table  shows  that  the  maximum  fall,  "t"  and 
"T"  are  greatest  for  compound  stimuli  and  least  for  short  stimuli. 
The  maximum  fall  is  60  per  cent  greater  for  long  stimuli  than  for  abort 
stimuli,  and  90  per  cent  greater  for  compound  stimuli  than  for  short 
stimuli. 

To  ascertain  whether  the  vasocoDstriction  which  invariably  accom- 
panied stammering  was  due  in  part  to  reading  or  speaking  per  se,  I 
had  nine  normal  speakers  read  aloud  and  speak  under  the  same  con- 
ditions as  the  stammerers. 

Table  8  shows  the  vas<Hnotor  changes  of  these  nine  normal  speakers 
while  they  were  reading  aloud  or  speaking.  These  subjects  read  short 
stories  which  were  free  from  excitement  and  gruesome  descriptions  so 
that  ^notions  could  not  infiuence  the  vascanotor  changes  accompany- 
ing reading,  and  usually  read  in  periods  of  imm  one  to  two  minutes  in 
order  to  give  the  vasoconstriction  which  sometimes  acccnnpanied  the 
shift  of  attention  to  reading,  time  to  eUminate  itself  half  a  minute  or 
more  before  the  end  of  the  reading  period. 

"t"  for  "reading"  was  measured  from  the  instant  the  subject  began 
to  read  or  speak  to  the  moment  when  the  maximum  rise  occurred  on 
the  pletfayamogram.  "t"  for  "final  shift  of  attention"  was  measured 
from  the  end  of  the  reading  or  speaking  period  to  the  time  when  the 
maximum  fall  occurred  on  the  plethysmogram.  "T"  for  "reading" 
included  the  final  attention  drop  if  there  was  one.  The  figures  in  the 
bottom  line  of  this  table  denote  the  averages  for  their  respective  col- 
umns; the  figures  in  italics,  however,  denote  the  totals  for  their  respec- 
tive columns. 

Table  8  shows  that  there  was  no  vasinnotor  change  in  32  per  cent 
of  the  reading  and  speaking  periods;  that  there  was  an  average  rise  of 
4.2  mm.  in  39  per  cent  of  these  penods;  that  there  was  an  average 
attention  drop  of  6  nun.  when  the  subject  began  to  read  or  apeak  in 
26  per  cent  of  these  periods;  and  that  there  was  an  average  attention 
drop  of  6.6  mm.  when  the  subject  stopped  reading  or  speaking  in  16 
per  cent  of  these  periods.    In  addition  to  the  twenty  periods  in  which 
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ibeire  was  do  vascHnotor  change,  there  were  three  periods  in  which  the 
only  vasomotor  change  waa  an  attention  drop  at  the  end  of  the  read- 
ing or  speaking  period;  hence  the  number  of  periods  in  which  there 
was  no  vascnnotor  change  practically  equalled  those  in  whidi  diere  was 
vasodilatation.  It  is  hard  to  classify  under  vasoconstriction,  vaso- 
dilatation, and  no  vascxnotor  change,  the  periods  in  which  there  was 
an  initial  attention  drop.  If  the  maximum  vasoconstriction  occurred 
near  the  beginning  of  the  period  and  the  needle  returned  to  its  normal 
level  as  quickly  as  it  did  in  the  final  attention  drop  for  the  same  sub- 
ject, it  seemed  logical  to  classify  that  period  under  eith^  vasodilata- 
tion or  no  change;  otherwise  a  period  seemed  to  belong  undw  vaso- 
constriction. As  the  needle  usually  returned  to  oonnal  more  quickly 
than  it  did  in  the  final  attention  drop  in  the  periods  classified  under 
vasodilatation  and  no  change,  and  as  it  mi^t  have  risen  considerably 
had  it  not  had  to  regain  what  was  lost  during  the  initial  attention  drop, 
I  classified  all  such  periods  under  vasodilatation.  This  classification 
gave  6  vasodilatations  and  11  vasoconstrictions,  which,  added  to  the 
24  unquestionable  vasodilatations  and  the  single  unquestioaable  vaso- 
constriction, gave  71  per  cent  vasodilatations  and  29  per  cent  vaso- 
constrictions where  there  was  a  vascnnoVr  change.  This  agrees  with 
the  results  obtained  by  Doctor  Anderson,  who  found  that  mental 
work  was  accompanied  by  vasodilatation  in  75  per  cent  c4  the  pmods 
of  mental  wcn-k,  and  that  this  proportion  for  reading  was  less  than  that 
Sm  most  other  kinds  of  mental  work.  Vasodilatation  predcmiinated  in 
some  subjects,  no  vasMnotor  change  in  others.  Attention  drops  oc- 
curred relatively  frequently  in  eome  subjects  and  seldom  if  at  all  in 
others.  Vasodilatation  followed  all  of  the  initial  attention  drops,  but 
a  rise  above  normal  occurred  in  but  two  periods;  the  needle  returned 
to  normal  at  or  before  the  end  of  the  reading  or  speaking  period  is 
about  half  of  the  poiods.  The  initial  attention  drop  was  but  two^ths 
ol  that  acc«npanying  stammering  and  was  reached  twice  as  quickly 
in  periods  averaging  approximately  the  same  length,  showing  that 
this  vasoconstriction  was  usually  due  to  the  shift  of  attention  rather 
than  to  the  reading.  The  maximum  rise  accompanying  normal  speech 
occurred  at  practically  the  same  instant  as  the  maximum  fall  occurred 
during  stammering,  i.e.,  55  versus  53  seconds  after  the  begintiing  of  the 
period.  The  time  of  recovery  averaged  four-fifths  of  that  in  stammei^ 
ing,  41  versus  51  seconds,  and  was  measured  from  the  end  of  "t," 
which  usually  occurred  several  seconds  before  the  end  of  the  period, 
and  not  from  the  end  of  the  [>eriod  as  in  stunmering. 
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It  will  be  seen,  therefore,  that  the  vaaoconatriction  which  always 
accompanied  Btanunering  was  not  caused  by  reading  or  speaking  per 
Be,  but  by  Btammering. 

I  watched  the  writing  lever  of  the  piston  recorder  whenever  I  gave  a 
stimulus  and  noticed  there  was  a  latent  period  of  a  few  seconds  before 
it  began  to  drop.  I  ran  the  kymograph  at  nn^ximiiTn  speed  for  a  few 
curves  with  a  number  of  subjects  to  determine  more  accurately  the 
length  of  this  latent  period.  I  found  that  this  ranged  from  1.6  second 
to  4.0  seconds,  and  that  it  averaged  3.4  seconds;  this  corresponds  very 
closely  with  the  latent  period  for  smooth  muscle.  The  average  varied 
slightly  in  different  subjecte.  The  latent  period  was  about  the  same  in 
some  subjects  whether  the  stimulus  was  intense  or  sli^t;  in  other  sub- 
jects it  varied  by  as  much  as  2  seconds.  The  fall  always  b^an  at  the 
same  point  whether  there  was  a  t^nporary  rise  or  not,  and  this  rise 
never  amoimted  to  more  than  2  mm.  unless  there  was  a  violent  move- 
ment of  the  finger.  There  was  more  apt  to  be  a  temporary  rise  when 
the  subjjBCt  jimiped  or  when  the  stimulus  was  very  intense.  I  feel  sure 
this  temporary  rise  was  due  to  movement  in  the  finger  for  it  occurred 
too  soon  to  be  caused  by  vasodilatation.  An  unexpeoted  stimulus 
causes  one  to  tighten  up  more  or  lees  even  if  one  does  not  actually  jump; 
Hkis  tightening  up  is  instantaneous  but  one  does  not  relax  at  once. 
The  jump  itself,  if  there  is  one,  does  not  last  more  than  a  fraction  of  a 
second  and  is  registered  as  a  vertical  line  on  the  curve;  but  there  is  a 
gradual  readjustment  after  the  jump  which  lasts  for  a  few  seconds. 
This  lasts  longer  in  the  arm  than  in  a  sii^e  finger  and  exfdains  the 
same  temporary  rise  mentioned  by  so  many  other  experimeiiters. 
Being  convinced  that  this  rise  is  due  to  movement  and  not  to  any  vaso- 
motor change,  I  have  classed  it  under  the  general  heading  of  fall,  indi- 
cating vasoconstriction. 

To  determine  whether  the  thought  process  was  most  impeded  at  the 
time  when  the  stimulus  was  given  or  "t"  seconds  later  when  vaso- 
constriction in  the  periphery  was  at  its  maximimi,  I  tied  around  the 
wriet  of  each  subject's  right  hand  a  cord  connected  through  pulleys 
with  a  writing  lever  which  registered  directly  below  the  plethysmogram. 
I  ruled  three  columns  about  one  inch  apart  on  a  piece  of  paper  and  told 
the  subject  to  add  thirteen  to  the  last  number  in  the  left  column,  then 
seventeen  to  the  last  number  in  the  middle  column,  then  twenty-one 
to  the  last  number  in  tiie  right  column,  then  thirteen  again,  and  so 
on;  whenever  his  arm  moved  to  the  next  column,  it  displaced  the 
writing  needle  vertically.    The  horizontal  lines  on  the  record  between 
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two  vertical  lines  measure  the  number  of  seconds  it  took  the  subject  to 
perform  each  addition.  I  gave  several  short,  unexpected  stimuli  at 
intervals  while  the  subject  was  performing  this  triple  addition.  A 
comparison  of  the  plethysmogram  with  the  curve  below  it  showed  that 
the  abnormally  slow  solutions  occurred  when  vasoconstriction  was  at 
its  maximum,  not  when  the  stimulus  was  given. 


1.  Shock  and  stammering  are  accompanied  in  evwy  case  by  marked 
vasoconstriction.  In  a  few  cases  this  is  preceded  by  a  short,  incon- 
spicuous rise  in  the  plethysmogram  that  is  probably  caused  by  arm 
movement. 

2.  Vasoconstriction  does  not  begin  until  about  three  seconds  after 
the  stimulus  is  given. 

3.  Long  stimuli  are  accompanied  by  greater  vasoconstriction  and 
slower  recovery  than  are  short  stimuU. 

4.  Compound  stimuh  are  accompanied  by  greater  vasoconstriction 
and  slower  recovery  than  are  either  long  or  short  single  stimuli. 

5.  The  more  intense  the  stimulus  and  the  more  unexpected  the  stim- 
ulus, the  greater  is  the  vasoconstriction,  the  more  rapid  the  vasocon- 
striction and  the  slower  the  recovery, 

6.  All  the  tables  show  marked  individual  differences  even  on  Uie 
same  record. 

7.  The  greater  the  vasoconstriction,  the  more  is  verbal  imagery 
impaired. 

8.  Those  subjects  who  experience  the  greatest  vasoconstriction 
during  shock  and  stammering  also  require  the  longest  time  for  recovery. 

9.  Marked  peripheral  vasoconstriction  takes  place  more  rapidly 
than  does  slight  vasoconstriction. 

10.  Stammerers  experience  great«r  and  more  rapid  vasoconstriction 
and  slower  recovery  in  shock  than  do  normal  speakers. 

11.  Stammerers  as  a  class  experience  shghtly  greater  vasoconstric- 
tion in  shock  than  in  stammering.  The  time  of  recovery  is  practicaUy 
the  same  in  both  stammering  and  in  shock.  Those  subjects  in  whtsn 
the  fear  of  stammering  is  pronounced,  however,  experience  greater 
vasoconstriction  and  slower  recovery  in  stammering  than  in  shock. 

12.  Vasoconstriction  continues  throu^out  the  stammering  interval; 
if  any  vasomotor  change  accompanies  normal  speech  it  is  vasodilata- 
tion in  a  large  majority  of  periods. 
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13.  Fear  of  stammering  with  no  attempt  at  speaking  produces  vaso- 
constriction in  the  periphery  as  does  actual  stammering. 

14.  Stammerers  cannot  speak  without  hesitancy  during  peripheral 
vasoconstriction. 

15.  AH  stammerers  breathe  abnormally  while  stammering.  Every 
stammerer  has  a  characteristic  form  of  breathing  while  stammering. 

THBOBBTICAL  CONCL06ION6 

Stammering  and  shock  are  induced  emotional  disturbances  accom- 
panied by  the  same  vasomotor  changes.  My  experiments  show  that 
the  vasomotor  changes  in  stammerers  as  a  class  are  of  about  the  same 
m^nitude  and  in  the  same  direction  in  both  stammering  and  shock. 
Unusually  intense  shock,  such  as  the  unexpected  report  of  a  pistol,  is 
accompanied  by  greater  vasomotor  changes  in  the  perif^eiy  than  is 
stammering.  Severe  stammering,  on  the  other  hand,  is  accompanied 
in  most  subjects  by  greater  vasoconstriction  in  the  finger  than  is  shock 
produced  by  any  stimulus  but  the  pistol.  The  time  of  recovery  is 
about  the  same  for  stammerers  as  a  class  both  in  stammering  and  in 
shock,  but  is  greater  for  most  individuals  in  stammering  than  it  is  in 
shock  produced  by  stimuli  other  than  the  pistol. 

Hie  experiments  of  Mobso  and  Shepard  on  trephined  subjects  re- 
ported in  an  earlier  part  of  this  monograph  show  that  shock  is  always 
accfHnpanied  by  vasoconstriction  in  the  periphery  and  by  vasodilata- 
tion in  the  brain.  As  my  results  for  the  periphery  confirm  those  of 
these  experimenters,  and  as  I  found  approximately  the  same  vaso- 
constriction in  the  periphery  for  stammering  as  I  found  for  shock, 
there  is  every  reason  to  suppose  that  stammering,  like  shock,  ia  accom- 
panied by  vasodilatation  in  the  brain  and  hence  by  cerebral  congestion. 
I  have  been  unable  to  find  a  trephined  stammerer;  as  soon  as  I  am  able 
to  locate  a  wounded  stammering  soldier  who  has  been  trephined,  I 
hope  to  induce  him  to  serve  as  a  subject  so  that  I  can  prove  this  sup- 
position that  stammering,  like  shock,  is  accompanied  by  cerebral 
congestion. 

It  is  a  well-known  fact  that  fright,  which  is  accompanied  by  cerebral 
congestion,  may  cause  temporary  partial  paralysis  of  the  speech 
mechanism  and  of  other  parts  of  the  body.  Persons  lose  their  heads 
in  panics  and  do  inappropriate  acts  for  which  they  censure  themselves 
later. 
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Cerebral  congeetion  affects  the  speech  more  easily  than  it  affects  any 
other  human  activity.  Many  persons  have  been  struck  dumb  in 
intense  fright.  Many  n<mnal  speakers  repeat  words  or  even  stammer 
when  greatly  excited,  and  talk  incoherently  when  mentally  tired  or 
confused;  stammerers  experience  the  greatest  difficulty  under  theee 
same  conditions.  Several  of  my  normal  subjects  whose  introepectioo 
is  reliable  reported  that  the  words  they  were  about  to  speak  suddenly 
left  their  minds  when  the  whistle  blew  and  did  not  return  for  several 
seconds.  ScHne  of  them  still  visualized  the  words  and  their  minds 
seoned  otherwise  to  work  nonnally,  yet  the  boutuU  of  the  words  left 
tiiem;  hence  they  were  unable  to  say  the  words.  When  vaso<M>nstrio- 
tion  in  their  fingers  ceased,  the  sound  of  the  words  reappeared  and  they 
were  able  to  speak  them.  The  same  phenomenon  occurs  in  stammer- 
ing. The  fear  of  stammering  and  the  excessive  effort  put  forth  in 
forcing  out  difficult  words  oause  cerebral  congestion  which  causes  the 
auditory  images  of  the  words  the  etammerer  is  about  to  speak  to  dis- 
appear as  he  attempts  to  utter  them,  just  as  the  whistle  banished  the 
sound  of  the  word  the  normal  speaker  wished  to  use  and  made  of  him  a 
temporary  stammerer.  My  plethj'smograms  show  that  one  stammers 
only  when  there  is  vasoconstriction  in  the  periphery  and  hence,  as  I 
have  assumed,  cerebral  congestion.  As  the  stammerer  overccxnes  the 
impediment  in  his  speech  this  peripheral  vasoconstriction  diminishes, 
and  ceases  when  he  is  cured. 

We  see,  then,  that  the  fear  of  stammering  and  the  forcing  out  of  hard 
words  which  accompanies  stammering  cause  vasoconstriction  in  the 
periphery  and  cerebral  congestion.  The  latter  blurs  verbal  imagery, 
especially  auditory  verbal  imagery,  and  makes  it  impossible  for  the 
stammerer  for  the  time  being  to  recall  a  part  or  the  whole  of  the  word 
he  wishes  to  speak  at  the  monent  he  has  to  say  it.  As  vowels  are 
governed  primarily  by  auditory  imagery  they  are  the  stammerers' 
bugbears.  The  stEunmerer  prolongs  continuous  consonants  for  seconds 
and  repeats  closed  consonants  over  and  over  until  able  to  recall  the 
vowel  that  follows.  The  more  the  vowel  is  inhibited,  the  harder  he 
forces  out  the  preceding  consonant,  the  more  he  thereby  increases 
cerebral  congestion,  the  more  impossible  it  becomes  to  recall  the  vowel, 
and  the  worse  he  stammers.  Many  stammerers  are  thus  led  to  believe 
that  their  trouble  lies  with  the  consonants  they  thus  overdo  and,  by 
concentrating  their  mind  on  trying  to  force  out  these  consonants,  they 
keep  the  mind  from  recalling  the  vowel  which  fails  to  come  prwnptly, 
and  thus  increase  their  stammering. 
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I  have  assumed,  temporarily,  that  stammerers  have  normal  verbal 
imagery  when  they  are  not  actually  stammering.  I  am  conducting  at 
the  present  time  a  comparative  study  of  verbal  imagery  in  stammerers 
and  normal  speakers  which  will  either  confirm  or  overthrow  this  as- 
sumption.   This  study  will  be  pubiished  in  a  few  months. 

My  experiments  confirm  Dr.  C.  S.  Bluemel's  theory  that  stammering 
is  caused  by  transient  auditory  amnesia  in  the  auditory  speech  center 
brought  on  by  cerebral  congestion. 
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EXFLAKATION   OF  FIOUREB 

Unless  otherwise  stated,  the  top  line  in  figures  3  to  12  is  the  time  line,  the  sec- 
ond line  is  the  stimulus  line,  the  third  line  is  the  thoracic  pneuroogram,  and  the 
bottom  line  is  the  plethysmogram. 

Each  notch  in  the  time  line  in  figure  3  repreaenta  two  seconds.  Aa  the  kymo- 
graph ran  at  approximately  the  aame  speed  on  all  of  these  curves  but  those  shown 
on  figures  11  and  12,  the  time  between  any  two  points  in  figures  4  to  10  inclusive 
can  be  obtained  approximately  by  measuring  the  distance  between  the  two  points 
and  counting  the  number  of  notches  in  a  like  distance  on  figure  3  and  multiply- 
ing by  2.  (Allowance  must  be  made  for  diEFerent  reductions  in  reproduction). 
The  exact  time  is  recorded  between  two  notches  on  the  time  line  in  all  records, 
but  all  or  part  of  this  is  sometimes  miBsing  from  the  part  reproduced. 

A  notch  on  the  stimulus  line  indicates  when  a  stimulus  was  given  or  when  a 
subject  began  or  stopped  reading  or  talking. 

The  top  of  the  pneumogram  indicates  full  lungs  and  the  bottom  empty  lungs, 
unless  otherwiae  stated. 

The  top  of  the  plethysmogram  indicates  vasodilatation,  the  bottom  vaso- 
constriction. 

The  following  curves  are  all  typical  reactions;  I  have  avoided  reproducing 
extremes  or  abnormal  curves,  ff-any  reader  wishes  to  see  my  other  curvea,  he 
ia  invited  to  examine  those  in  my  album  at  the  Boaton  Stammerers'  Institute. 
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Figure  3  showB  a  typical  reaction  of  a  normal  speaker  to  shock.  This  curve 
was  made  by  subject  D  on  Febmary  26,  1918.  The  tambour  that  recorded  the 
thoracic  breathing  was  inverted  in  this  record  so  that  the  top  of  the  pneumogram 
represents  empty  lungs  and  the  bottom  full  lungs,  ^t  the  notch  marked  Mt,  I 
placed  a  mechanical  fn^  near  the  subject.  At  the  next  notch,  about  a  quarter 
of  an  inch  to  the  right,  this  frog  jumped  4  feet  into  the  air  without  the  slightest 
warning.  At  tS,  the  subject  read  silently  a  dull  book  until  a  point  well  beyond 
the  part  reproduced;  this  occupied  the  subject's  attention  and  thus  prevented 
aim  movements.'  Note  the  fall  of  the  plethysmogram  when  the  trog  was  placed, 
the  temporary  rise  when  the  frog  jumped  (due  here  to  movement  when  the  aub- 
ject  jumped),  the  decided  drop  following  this  brief  rise,  and  the  much  slower 
retum'to  normal.  Other  curves  show  that  recovery  is  the  same  whether  the 
subject  is  in  a  state  of  reverie  or  is  reading  silently.  The  straight  line  tangent 
to  the  plethysmogram  at  its  two  ends  is  the  path  that  would  have  been  traced 
had  no  stimulus  been  given. 

Figure  4  shows  two  typical  reactions  of  a  stammerer  to  shock.  This  curve 
was  made  by  subject  Wi  on  August  1,  1918,  a  few  minutes  before  the  curve  repro- 
duced in  figure  S.  At  W,  a  shrill  whistle  was  blown  without  warning  and  at  Y, 
the  operator  gave  a  loud,  sudden  yell.  The  time  line  shows  that  an  interval  of 
a  minute  and  a  half  elapsed  from  the  notch  to  the  right  of  tC  to  the  notch  to  the 
left  of  Y.  The  straight  lines  on  the  right  hand  half  of  the  plethysmogram  show 
how  "Fall,"  "t"  and  "T"  are  measured;  the  line  tangent  to  the  plethysmogram 
at  its  two  ends  shows  the  path  that  would  have  been  traced  had  no  stimulus  been 
given,  the  vertical  line  represents  the  maximum  fall  and  cuts  the  stimulus  line 
at  a  point  "t"  seconds  from  the  notch  where  the  yell  was  given  and  "T"  seconds 
from  the  point  of  tangency  at  the  extreme  right  of  the  reproduction.  Note  that 
the  drop  for  the  whistle  is  much  greater  than  that  for  the  yell. 

Figure  5  is  a  typical  stammering  curve  made  by  subject  Wi  a  few  minutes 
after  the  curve  shown  in  figure  4.  At  the  left  hand  stimulus  notch,  this  stam- 
merer was  told  that  he  would  be  called  upon  to  introduce  two  persons  in  fifteen 
seconds.  At  the  longer  notch,  about  half  an  inch  to  the  right,  he  began  the 
introduction,  stammering  considerably;  at  the  next  notch,  a  quarter  of  an  inch 
to  the  right,  he  finished  speaking.  The  long  notch  in  the  time  line  has  no  signifi- 
cance. Note  that  the  curve  fell  rapidly  soon  after  the  subject  was  told  that  he 
would  be  asked  to  introduce  two  persons  and  remained  low  throughout  this 
period  of  warning,  that  it  fell  nearly  as  much  below  this  point  soon  after  the 
subject  began  to  stammer  and  remained  low  throughout  the  stammering  interval 
Mad  for  a  few  seconds  after  stammering  ceased,  and  that  it  returned  much  more 
gradually  to  normal.  The  room  was  cooling  dohn  somewhat,  hence  the  curve 
fell  gradually  throughout  the  record. 

Figure  6  is  a  typical  curve  of  a  long  period  of  stammering  made  by  Wi  on  the 
same  day  as  that  reproduced  in  figure  5.  At  the  notch  below  17,  the  subject  was 
told  to  check  a  trunk  to  Portland,  Maine,  in  forty-five  eeconds.  At  18,  he  began 
to  speak  to  a  baggage  master  whom  he  saw  clearly  in  his  imagination  and  I  kept 
him  stammering  to  the  first  long  notch  on  the  time  line  by  asking  him  unexpected 
questions  about  his  trunk.  The  short  notches  close  together  on  the  time  tine 
indicate  when  he  was  stammering  moet  severely.  The  two  long  notches  at  the 
r^ht  with  /  m  between  them  indicate  a  period  of  one  minute.    The  straight 
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liae  below  the  pDeumogram  represents  the  path  that  would  have  been  traced  if 
the  subject  had  not  been  disturbed.  Note  that  the  curve  fell  rapidly  soon  after 
the  stammerer  was  told  he  would  be  ealled  upon  to  check  his  trunk  in  forty-five 
seconds  and  remained  low , throughout  both  this  interval  and  the  8tuntD«ring 
which  lasted  about  a  hundred  seconds.  There  was  a  gradual  arm  movenieot 
during  a  part  of  the  period  of  recovery. 

Figure  7  is  a  typical  curve  of  a  stammerer  reading  without  being  told  in  ad- 
vance that  he  is  to  be  called  upon  to  read.  It  was  made  by  Bo  on  April  23, 1918. 
At  the  notch  below  S,  he  began  to  read  and  at  4  he  stopped  reading.  Note  the 
steady  fall  throughout  the  reading  period  and  the  steady  but  more  gradual  rise 
to  normal,  beginning  with  a  slight  finger  movement  at  the  close  of  the  reading 
period.  There  is  another  gradual  finger  movement  near  the  end  of  the  period 
of  recovery.    The  pneumogram  is  inverted  in  this  record. 

Figure  8  is  a  typical  curve  made  by  a  cured  stammerer  reading  without  hesi- 
tancy. It  was  made  by  Bo  on  November  26,  1918,  after  he  had  been  taught  how 
to  read  without  hesitancy.  The  subject  read  without  stammering  for  one  min- 
ute between  the  single  and  double  notches  on  the  stimulus  line.  There  is  a 
distinct  breathing  wave  in  the  plethyamogram  (due  to  movement).  Tbere  was 
a  gradual  movement  of  the  finger  at  the  end  of  the  reading  period.  The  curve 
rose  very  slowly  throughout  the  record  because  the  air  within  the  tube  was 
warming  up  and  expanding.  The  breathing  appears  very  much  deeper  on  this 
record  than  on  the  others  because  a  much  more  sensitive  pneumograph  was  used; 
this  pneumogram  is  not  inverted.  Note  that  the  plethyamogram  did  not  fall 
as  it  did  in  figure  7,  when  the  same  subject  stammered  severely  while  reading  • 
similar  passage  from  the  same  book. 

Figure  9  is  a  typical  curve  of  a  normal  speaker  reading,  showing  an  attention 
drop.  At  S,  the  subject  began  to  read;  at  6,  he  stopped  reading.  The  time 
notches  above  5  and  8  indicate  that  he  read  for  exaetiy  one  minute.  After  the 
attention  drop  at  the  beginning  of  the  reading,  there  was  a  slow  rise  to  normal 
with  occasional  gradual  arm  movements.  The  curve  rose  gradually  throughout 
this  experiment,  as  the  air  in  the  tube  was  growing  wanner. 

Figure  10  is  a  typical  curve  of  a  normal  speaker  reading,  showing  no  attention 
drop.  He  read  for  about  one  minute,  beginning  at  the  left  hand  notch  and  stop- 
ping at  8.  The  curve  is  as  regular  as  that  in  reverie  preceding  and  following  it. 
The  subject's  finger  moved  slightly  while  he  was  reading.  The  engraver  omitted 
the  time  line  which  happened  not  to  be  needed. 

Figure  11  is  a  typical  shock  curve  traced  when  the  kymograph  waa  running 
at  maximum  speed  to  show  the  latent  period  of  vasoconstriction.  It  was  made 
on  November  18,  1918,  by  the  Same  normal  speaker  who  made  the  curve  repro- 
duced in  figure  9.  At  the  extreme  left  hand  notch  on- the  stimulus  line,  I  yelled 
suddenly.  The  time  notches  in  the  right  hand  half  of  the  record  were  made  at 
intervals  of  ten  seconds.  Note  the  alight  rise  due  to  arm  movement  the  instant 
I  yelled,  the  distance  from  this  point  to  the  point  where  vasoconstriction  began, 
the  rapid  vasoconstriction  and  the  gradual  arm  movement  at  the  beginning  of 
the  alow  rise  to  normal  which  is  reached  at  the  very  right  hand  end  of  the  repro- 
duction. Reference  lines  made  at  the  right  hand  end  of  all  four  curves  show  that 
the  four  recording  needles  wereworking  nearly  in  a  straight  line.  The  breath- 
ing appeared  more  shallow  than  that  in  the  other  records  because  the  less  sensi- 
tive Verdin  pneumograph  was  used. 
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Figure  12  contftina  &  number  of  poeumogTamB  t&ken  at  maximum  speed.  The 
left  hand  half  of  the  one  at  the  top  is  that  of  a  normal  speaker  reading.  The 
right  hand  half  is  a  typical  pneumogram  of  a  cured  stammerer  reading  without 
hesitancy.  The  pneumogram  juat  below  U  that  of  a  stammerer  who  habitually 
spoke  OD  empty  lunga.  The  middle  one  is  that  of  a  stammerer  who  habitually 
spoke  on  full  lungs.  The  two  near  the  bottom  are  those  of  stammerers  who 
spoke  DOW  on  full  lungs  and  now  on  empty  lungs;  note  their  irregularity. 


Pig.  3.    Three-fourths  natural  sise 
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Fig.   4.    Three-fifths  natural  b 


Fig.  5.    Two-thirds  n&turul  sise 


Fig.   6.    Three-fifths  natural  b 
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Fig.    7.    Four-Gftbs  natural  site 


Fig.    8.    Three-firthB  natural  eiie 


Fig.    0.    Three-fourths  natural  sise 
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Fig.  10.    Three^ourtha  natunl  site 


Fig.  11.    One-half  natural  aiie 


Pig.  12.    One-third  natural  siie 
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A  NOTE  ON  INTRAVASCULAR  FAT  IN  RELATION  TO  THE 

EXPERIMENTAL  STUDY  OF  FAT  EMBOLISM 

IN  "SHELL  SHOCK" 

PAUL  S.  McKIBBEN,  Ist  Lieut.,  San.  C. 

>  Medicat  School, 

Received  for  publication  February  11, 1919 

The  prominence  recently  given  to  the  hypothesis  that  "explosive 
shock"  is  due  to  fat  embolism  has  led  to  the  histological  examination 
for  intravascular  fat  in  the  brains  and  other  organs  of  dogs  subjected 
to  concussion  by  Dr.  D.  R.  Hooker,  for  the  Committee  of  Physiology 
of  the  National  Research  Council,  in  his  studtea  on  the  physiological 
effects  of  air  concussion.  These  observations  have  been  controlled  by 
the  examination  for  fat  in  the  blood  vessels  of  normal  laboratory 
animals. 

UETHODS 

Materia]  preserved  in  formaldehyde  and  fresh  tissues  have  been  used 
in  this  study.  Free-hand  sections  made  with  a  rasor  blade  en-  frozen 
sections,  pieces  of  the  meninges  with  their  vessels  and  pieces  of  the 
choroid  plexuses  of  the  brain  have  been  stained  with  Sudan  III, 
Scharlach  R  and  with  oemic  acid.  Staining  with  Sudan  III  has  been 
employed  most  frequently  and  as  follows : 

Stain  1  to  3  minutes  in 

Sudan  III,  aatui^ed  solution  in  70  per  cent  alcohol 100  cc. 

Sodium  hydroxide  (sticks) 1  gra. 

(filter  after  sodium  hydroxide  has  dissolved) 
Rinse  in  60  per  cent  alcohol. 
Pass  directly  to  glycerine. 

NoU:  Sudan  III  (Orflbler)  and  Aniline  Red,  Sudan  III  oil  as  sold  by  Eimer 
&  Amend,  have  been  used. 

After  staining  and  when  cleared  in  glycerine,  all  sections  or  pieces 
of  tissue  were  examined  with  a  binocular  microscope  with  a  32  mm. 
objective  and  low-power  oculars.    For  closer  observation,  scHne  prepa- 
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rations  were  mounted  on  slides  under  cover  glasses  in  glycerine  and 
examined  with  the  compoimd  microscope. 

In  order  to  demonstrate  accurately  the  intravascular  position  of  fat 
droplets  in  the  choroid  plexuses  and  in  other  small  cerebral  vessels  with 
collapsed  walls,  India  ink  has  been  injected  through  the  arteries  of  the 
head  prior  to  fixation.  Preparations  of  the  choroid  plexuses  stained 
with  Sudan  III,  after  thb  injection  with  India  ink  and  fixation  with 
formaldehyde,  show  clearly  the  position  of  the  fat  dropleta  with 
reference  to  the  ink  particles  contained  in  the  vessels  {see  dog  13). 

To  test  the  accuracy  of  the  staining  with  Sudan  III,  oemic  acid 
has  been  used.  Sections  or  pieces  of  tissue  containing  vessels  holding 
droplets  stained  with  Sudan  III  have  been  treated  with  1  per  cent 
osmic  acid  while  under  observation  with  the  microscope.  The  char- 
acteristic blackening  of  the  droplets  begins  at  once,  replacing  ot 
superimposed  upon  the  clear  orange  color  which  follows  treatment 
with  Sudan  III. 

Examination  of  the  liver,  dura  and  choroid  plexus,  fresh,  without 
previous  fixation  (dog  12),  and  observations  on  the  vascular  content 
of  the  liver  in  dog  13  have  been  made  to  control  the  observations  on 
material  fixed  in  formaldehyde. 

Dogs,  Observations  on  intravascular  fat  have  been  made  on  ten 
dc^,  five  control  animals,  four  exposed  to  and  shocked  by  air  con- 
cussion due  to  gun-fire  and  one  subjected  to  prolonged  anesthesia. 
The  histories  and  findings  in  these  dogs  are  as  follows: 

Dag  1.  Adult  male.  Subjected  to  air  concussion  and  shocked.  Dead  ten  and 
a  half  hours  after  expcnure  and  immediately  preserved  with  formaldehyde. 
Central  nervous  system  saved. 

Vessels  of  the  dura  and  arachnoid  and  those  of  the  choroid  plexus  of  the  third 
ventricle  show  intravascular  fat. 

Dog  I.  Adult  male.  Subjected  to  air  concussion  and  shocked.  Dead  four 
hours  after  exposure  and  immediately  injected  with  formaldehyde.  Central 
nervous  system  saved. 

Fat  droplets  present  in  vessels  of  the  choroid  plexus  of  the  third  and  lateral 
ventricles  and  in  vessels  of  the  dura. 

Dog  7.  Adult  male.  Subjected  to  air  concussion  and  shocked.  Dead  two 
hours  after  exposure.  Central  nervous  system  fixed  by  injection  with  formal- 
dehyde. 

Fat  droplets  present  in  vessels  of  the  choroid  plexus  of  the  fourth  and  lateral 
ventricles  and  in  the  venous  capillary  expansions  of  the  dura. 

Dog.  10.  Adult  male.  Following  morphia  and  the  destruction  of  ear  drums 
and  ossicles  under  ether,  subjected  to  air  concussion  with  abdomen  covered  with 
cotton  pad  and  plaster  bandage.  Shocked.  Dead  thirty  minutes  after  exposure. 
Central  nervous  system  and  viscera  preserved  in  forir  aldehyde. 
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Fat  droplets  prewnt  in  the  vetaels  of  the  choroid  plexus  ot  the  fourtti  ventricle 
and  in  vessele  of  the  dura. 

Smaller  vessele  of  the  lungs  and  kidneys  contain  occasional  droplets.  No  fat 
found  in  vessels  of  the  spleen,  liver,  pancreas,  cardiac  muscle  or  suprarenal. 

Dog  A .  Adult  male.  One,t)our  after  the  administration  of  one  grain  of  morphia, 
ether  given  and  continued  through  tracheal  canauls  for  two  and  a  half  hours, 
when  the  animal  was  bled  to  death.  Blocks  of  the  brain  were  removed  fresh 
and  the  remainder  of  the  central  nervous  system  preeerved  immediately  in 
formaldehyde. 

Fat  droplets  present  in  the  veeaels  of  the  choroid  plexus  of  the  third  and  fotirtb 
ventricles  and  in  vessels  of  the  dura  and  corpus  striatum. 

Dog  B.  Adult  male  (control  for  A).  Killed  by  bleeding  following  local 
aneathetic.    Central  nervous  system  fixed  in  formaldehyde. 

Vessels  of  the  dura  and  of  the  choroid  plexus  of  the  third  and  lateral  ventriclea 
contain  fat  droplets. 

Don  ^.  Adult  male  (control  for  no.  7).  Killed  by  intravenous  injection  of 
ether  and  immediately  injected  with  formaldehyde.    Central  nervous  system 

Droplets  of  fat  found  in  vessels  of  all  of  the  choroid  plexuses,  the  dura  and 
arachnoid  and  in  vessels  within  the  substance  of  the  corpus  striatum. 

Dofj  11.  Young  adult  male  (control).  Killed  with  illuminating  gas.  Central 
nervous  eyetero  and  viscera  immediately  fixed  by  immersion  in  formaldehyde. 

Fat  droplets  present  in  all  choroid  plexuses,  in  vessels  of  the  dura  and  arach- 
noid  and  in  the  posterior  inferior  cerebellar  artery. 

Vessels  of  the  limgs,  kidney  and  liver  contain  fat  droplets.  None  demon- 
strated in  vessels  of  the  spleen,  pancreas,  suprarenal  or  cardiac  muscle. 

Dog  It.  Adult  male  (control).  Killed  with  illuminating  gas.  Central 
nervous  system  and  viscera  fixed  by  immersion  in  formaldehyde,  except  a  portion 
of  the  liver,  a  piece  of  dura  and  a  part  of  the  choroid  plexus  of  the  fourth  ven- 
tricle, which  were  examined  fresh. 

When  examined  without  previous  fixation,  vessels  of  the  liver,  of  the  dura 
and  of  the  choroid  plexus  of  the  fourth  ventricle  contained  fat  droplets  stainaUe 
with  Sudan  HI  and  with  osmic  acid. 

After  fixation  with  formaldehyde,  fat  was  demonstrated  in  vessels  of  the 
dura,  arachnoid  and  all  of  the  choroid  plexuses. 

After  fixation  with  formaldehyde,  fat  droplets  were  observed  in  vessels  of 
tiie  lung,  liver,  kidney  and  suprarenal.  None  was  seen  in  vessels  of  the  spleen 
or  cardiac  muscle. 

DogiS.  Adultfemale  (control).  Killed  witb  illuminating  gaa.  Liver  removed 
entire  with  blood  contained  and  immersed  in  formaldehyde.  Both  common 
carotid  arteries  isolated  and  warm  Ringer's  solution  passed  through  the  bead 
until  the  solutioo  ran  clear.  Tourniquet  applied  to  neck  below  the  site  of 
carotid  exposure.  Solution  of  India  ink  injected  in  the  right  carotid  until  it 
ran  from  the  left  carotid.  Left  carotid  then  clamped  and  a  little  more  ink  in- 
jected with  syringe  into  the  right  carotid.  Both  carotids  then  tied,  brain 
exposed  and  head  fixed  by  immersion  in  formaldehyde.  The  vessels  of  the 
choroid  plexuses  and  of  the  meninges  and  brain  were  incompletely  injected  with 
the  ink. 
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Fat  droplets  demonstrated,  after  staining  vith  Sudan  III,  in  vessels  of  the 
dura,  arachnoid  and  in  vessels  of  all  choroid  plexuses. 

In  the  brain  of  this  dog,  following  iajeotian  with  India  ink  and  staining  with 
Sudan  III,  particles  of  ink  and  fat  droplets  were  sometimes  found  together  in 
the  blood  vessels.  Many  of  the  capillary  loops  of  the  choroid  plexuses,  inoom- 
pletety  injected  with  the  ink,  were  found  to  be  occupied  by  fat  droplets.  The 
capillary  loops  of  the  choroid  plexuses,  well  injected  with  the  ink,  were  usually 
found  free  from  fat  droplets.  In  the  flat  venous  capillary  expansions  found  in 
the  dura,  particles  of  ink  and  fat  droplets,  more  or  less  finely  divided,  were 
found  constantly  together. 

Pieces  from  the  surface  of  the  liver,  immersed  in  formaldehyde  as  above, 
were  taken  3,  5,  24  and  72  hours  after  the  beginning  of  fixation  and  examined  for 
fat.  Intravsecular  droplets  were  demonstrated  in  all.  At  the  end  of  24  and  72 
hours,  after  the  beginning  of  fixation,  pieces  of  liver  were  taken  from  the  surface 
and  from  5  and  10  mm.  beneath  the  surface  and  examined  for  fat.  All  pieces 
showed  intravascular  fat  droplets. 

In  the  routine  examination  of  brains  fot  intravascular  fat  the  choroid 
plexuses  and  dura  were  chosen  as  parts  containing  a  great  number  of 
capillary  vessels.  They  proved  to  be  ea=ily  handled  by  the  methods 
employed  and  easily  studied  when  spread  and  observed  with  a  binocular 
microscope.  Sections  of  the  brain  itself  were  made  in  some  cases  but 
the  difficulty  of  handling  these  sectiona  and  clearing  them  in  ^ycerine 
for  accurate  observation,  the  necessity  of  thinness  and  the  relatively 
small  number  of  capillaries  available  for  study  in  even  a  considerable 
number,  made  their  use  impractical.  The  choroid  plexuses  were  re- 
moved and  stained  entii«  and  when  spread  in  glycerine  after  clearing, 
presented  a  great  number  of  capillary  vessels  covered  only  by  the 
transparent  ependyma.  In  several  cases  fat  droplets  were  found  in 
all  the  choroid  plexuses  taken  from  a  single  brain  but  usually  such 
droplets  were  confined  almost  wholly  to  one  plexus.  The  choroid 
plexus  of  the  third  ventricle,  in  our  observations  on  di^,  has  held 
by  far  the  greatest  nimiber  of  fat  droplets;  in  several  cases  ahnost  a 
whole  half  of  the  plexus  contained  droplets,  practically  eveiy  cme  of 
the  many  capillary  loops  being  filled  with  them. 

Pieces  of  the  dura  were  found  to  be  quite  easUy  handled  and  cleared. 
When  cleared  and  examined  with  the  high  power  objective  of  a  com- 
pound miscroscope,  many  of  the  capillaries  and  the  capillary  expansions 
between  the  arterial  and  venous  capillaries  were  found  to  contain  blood 
and,  with  the  blood,  droplets  of  fat.  Injection  with  formaldehyde  or 
Ringer's  solution  frees  the  larger  dural  vessels  of  blood  but  the  contents 
of  most  of  the  capillaries  and  their  expansions  seem  to  be  incom- 
pletely removed  by  such  injection. 
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Id  the  dog,  as  well  as  in  the  rabbit  and  cat,  intravascular  fat  has 
been  found  in  the  form  of  single  droplets  or  in  groups  of  several  drop- 
lets. These  droplets  vary  in  size  trom  those  easily  seen  with  the 
binocular  microscope  to  those  just  visible  with  the  low-power  objective 
of  the  compound  microscope.  In  the  cerebral  vessels  single  droplets 
only  have  been  observed  occurring  ningly  in  the  larger  vessels  and 
<^ten  in  rows  in  the  capillary  loops  of  the  choroid  plexuses.  Id  the 
choroid  plexuses  large  droplets  have  been  quite  constaDtly  fouDd, 
droplets  whose  diameter  is  usually  greater,  when  observed  after  the  ' 
death  of  the  animal,  than  that  of  the  capillary  coataining  than.  Id 
the  venous  capillary  expansions  of  the  dura,  on  the  other  hand,  most 
<^  the  droplets  observed  have  been  small,  little  larger  than  the  red 
blood  corpuscles  occurring  in  the  vessels  with  them.  There  is  evidence 
in  some  preparations  of  the  durs  that  several  of  these  small  droplets 
may  coalesce  to  form  larger  ones.  In  sections  of  the  lung,  fat  droplets 
have  been  frequently  found  pressed  out  in  passing  through  a  small 
capillary  loop,  so  that  they  present  after  fixation  a  bent  cylindrical 
form  completely  filling  the  small  capillary. 

Careful  examination  of  the  above  findings  in  dogs  shows  that  fat 
has  been  demonstrated  in  the  blood  vessels  of  all  KEamined,  no  matter 
whether  the  individual  has  heea  shocked  by  air  ccmcussion  or  not. 
No  quantitative  or  quaUtative  differences  have  been  observed  between 
the  fat  found  in  the  vessels  of  the  shocked  ftnimalti  and  the  intravascular 
fat  of  normal  c(»trolB.  Exact  quantitative  estimation  of  fat  present 
in  the  vessels  is  of  course  impossible  with  the  methods  used,  but  its 
incidence  in  various  parts  of  the  vascular  syston  subjected  to  exami- 
nation in  the  routine  study  of  ten  doga  would  indicate  roug^y  a  con- 
sidersble  quantity  in  all.  If  there  is  any  difference  between  the 
amount  present  in  the  vessels  of  shocked  and  control  animals,  the 
above  observations  would  lead  one  to  beUeve  that  there  is  more  in  the 
control  dogs  than  in  those  shocked. 

It  is  interesting  to  note  also  that  the  fat  present  io  the  vessels 
examined  does  not  aetm  to  have  been  affected  by  the  cauK  of  death; 
animals  djdng  from  shock,  those  killed  by  bleeding,  with  ether  or 
illuminating  gas,  showed  no  essential  differences  in  the  fat  present. 
Death  by  bleeding  certainly  would  ranove  most  of  the  fat  contained 
in  the  vessels  c«npletely  emptied,  but  it  is  evident  that  death  by 
bleeding  does  not  remove  the  fat  droplets  contained  in  the  small  vessels 
examined.  Further,  in  dog  13,  where  the  intravascular  position  of  the 
droplets  contained  in  the  capillary  vessels  of  the  choroid  plexuses  and 
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in  the  capillary  venous  expansions  of  the  dura  was  established  with 
certainty,  the  common  carotids  were  cut,  the  animal  allowed  to  bleed, 
the  branches  (rf  the  commim  carotid  then  being  washed  clean  with  warm 
Ringer's  soluticm  before  the  injection  of  India  ink.  Notwithstanding 
this  Ueeding  and  washing,  fat  droplets  were  still  found  along  with  the 
injected  ink  particlee  It  is  evident  then  that  bleeding  or  washing 
out  the  vessels  <^  the  head  after  bleeding  fails  to  remove  cwnpletely 
the  fat  droplets  found  in  the  capillary  vessels  examined.  Id  the 
animals  injected  with  formaldehyde  for  purposes  <A  fixation,  it  follows 
that  the  fat  droplets  under  observation  have  been  little  if  at  all  affected 
by  the  injection. 

It  might  be  considered  possible  that  the  fat  droplets  observed  in  the 
vessels  after  fixation  with  formaldehyde  were  changed  in  sise,  aggre- 
gation and  staining  reaction  by  post^nortem  factors  and  fixati<Hi. 
To  control  such  possibihties,  sections  of  the  fiver  and  pieces  of  the 
dura  and  choroid  plexus  of  the  fourth  ventricle  were  stained  with 
Sudan  III  and  osmic  acid,  fresh,  as  soon  utter  the  death  ot  the  animal 
as  they  could  be  removed  (see  dog  12).  Fat  droplets,  similar  in  sise, 
location  and  staining  reaction  to  those  found  in  the  same  animal  after 
fixation  ,with  formaldehyde  were  obj*«^ed  in  this  fresh  tissue.  Further, 
that  the  length  of  time  of  fixation  with  f(»ni^dehyde  or  its  penetra- 
tion, within  the  limits  of  our  observations,  do  not  change  the  amcunt 
or  character  of  the  fat  recognisable  histologically  in  vessels  of  tiie  Uvw, 
has  been  shown  by  the  observations  on  dog  13  above.  It  seems 
probable  then  ihaX  fixation  in  f(mnald^yde  has  not  altered  the  fre- 
quent^  or  character  of  the  fat  drofdets  demonstrated  histologically  in 
^  preset  obeo^ations. 

RabbUs.  Four  large  nonual  rabbits,  bled  to  death  for  the  (ho- 
duction  of  nonnal  serum,  v&e  used  in  these  observations.  These 
rabbits  averaged  about  2,500  gm.  in  weight  and  as  blood  was  wiUi- 
drawn,  Locke's  solution  was  supphed  intravenously,  each  ral^it 
yielding  approximately  300  cc.  ot  blood  after  receiving  about  150  cc 
of  Locke's  solution.  During  this  procedure  the  blood  vessels  of  these 
rabbits  must  have  been  well  irrigated  so  that  the  amount  of  intrai- 
vascular  fat  found  may  not  represent  what  was  present  bef<nv  the 
bleeding.  It  seems  probable,  however,  from  our  findings  in  the  brain 
of  dog  13  following  bleeding  and  irrigation  with  wann  Ringer's  solutiw, 
that  the  amount  of  fat  in  the  cerebral  vessels  examined  in  these  rablntB 
was  little  affected.  The  amount  present  in  the  other  organs  examined 
may  have  been  reduced.    The  brains  and  lungs  of  all  four  of  these 
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rabbits  were  preserved  in  formaldehyde.  Other  viscera  from  one 
rabbit  were  also  saved  in  formald^y^. 

Fat  droplets  were  found  in  the  cerebral  Teesebr  of  all  four  rabbits, 
particularly  in  the  dural  venous  capillary  expansions  and  in  the  vessels 
of  the  choroid  plexuses.  Thick  sections  were  made  fnnn  blocks  taken 
at  randcMU,  me  frran  each  pair  of  lungs.  Fat  was  danonstrated  in  the 
capillary  vessels  in  two  of  the  four.  In  the  other  viscera  saved  fnHn 
one  rabiiit,  the  kidney  ^one  showed  intravascular  fat  after  a  routine 
examination  of  two  8ecti(»i8  from  each  organ.  These  fat  droplets  were 
observed  in  the  cortical  vesaels  of  the  kidney. 

Cats.  The  oats  first  examined,  series  1,  had  been  used  for  other 
experiments  in  this  labwatory.  Some  died  ot  were  sacrificed  with 
acute  meningeal  infection  or  following  htravenous  and  subarachnoid 
injections  of  various  sorts.  These  cats  had  been  fed  on  a  ctHnpara- 
tively  fatJree  diet  and  following  the  experiments  to  which  they  were 
subjected  were  not,  at  the  time  of  death,  in  a  state  of  good  nutrition. 
It  will  be  seen  fnnn  series  1  below,  that  intravascular  fat  was  found  in 
none  of  the  choroid  plexuses  taken  from  such  Animala  and  that  the 
cajHllary  vessels  of  only  five  of  sixteen  pairs  of  lungs  examined  were 
shown  to  contain  fat. 

Seritt  1.  Cats  fed  for  same  time  an  a  comparatively  fat-free  diet,  some  with 
acute  meningeal  infection,  otben  subjected  to  iniraveaoua  and  eubaracbnoid 
injeetiom. 

Choroid  plftEuma  of  brain.  Of  t«n  examined,  ncMie  showed  intravascular  fat 
droplets. 

tiung  (one  block  from  each  pair  of  lungs).  Of  sixteen  examined,  five  showed 
a  few  fat  droplets  in  capillary  vessels  (these  droplets  fewer  and  more  scattered 
than  those  observed  in  pulmonary  vessels  of  the  dog  or  rabbit). 

In  view  of  the  above,  an  attempt  was  made  to  feed  cats  a  diet  rich 
in  fat,  preparatory  to  examination  of  intravascular  fat.  The  first 
series  of  two  kittens  was  complicated  by  the  appearance  of  distemper 
which  shortened  the  period  of  feeding,  but  in  spite  of  this  the  kittens 
showed  relatively  more  intravascular  fat  than  was  observed  in  the  cats 
in  series  1. 

Seriet  t.  Two  kittens  fed  cream  for  three  days;  both  eoutraeted  distemper, 
one  died  in  cage.    At  autopsy,  evidence  of  meningitis  in  both. 

Choroid  pIcTuae*  of  brain.  Three  droplets  found  at  tip  of  one  of  the  capillary 
loops  in  the  choroid  plexus  of  the  third  ventricle  in  one  kitten. 

Dura.  Finely  divided  fat  droplets  present  in  the  smaller  veins  and  venous 
capillary  expansions  in  both. 
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Lung  (one  block  from  eftoh  pair  of  luDga).  Several  groupe  of  free  intravas- 
cular fat  droplets  were  present,  in  addition  to  many  intracellular  granules. 

Kidney  (one  block  from  one  kidney  of  each  kitten).  Pat  droplets  present  in 
veseelB  of  the  cortex  in  addition  to  intracellular  fat  of  the  cortical  tubules  in 
both  kittens. 

Finally,  three  healthy,  well-oourished,  normal  adult  cats  were  taken 
and  fed  a  diet  rich  in  fat  for  five  days  before  killing.  A  fourth,  nonnal 
healthy  male,  was  killed  as  received  without  feeding  and  included  in 
this  aeries.  While  the  amount  of  fat  demonstrated  histologically  in 
the  blood  vessels  of  these  cats  seems  relatively  less  than  that  found 
in  dogs  and  rabbits,  stfll  it  is  greater  than  that  observed  in  the  poorly 
nourished  cats  of  series  1.  Further,  in  this  series  thirteen  organs  were 
examined  Insa  each  of  two  fat-fed  cats  and  one  nonnal  adult  cat  killed 
without  feeding.  In  one  fat-fed  cat,  intravaecular  fat  droplets  were 
found  in  eight  of  these  thirteen  organs  and  in  the  other  faMed  cat,  in 
six.  In  thirteen  organs  taken  from  the  cat  killed  without  feeding,  fat 
drc^leta  were  demonstrated  in  only  four. 

Seriei  8.  Nonnal  adult  cats — three  which  were  fed  a  rich  fat  diet  for  five  days, 
the  fourth,  a  healthy  normal  male,  killed  as  received  without  feeding. 

Dura.  Fat  droplets  present  in  dural  veasels  of  the  three  fat-fed  oats;  dura 
of  the  fourth  not  examined. 

Choroid  pkxv9«a  of  brain.  A  single  droplet  observed  in  vessels  of  the  choroid 
plexus  of  two  of  the  fat-fed  cats. 

Arachnoidal  vetaela.  Fat  droplets  present  in  arachnoidal  vessels  in  one 
fat-fed  cat  and  in  the  fourth,  killed  without  feeding. 

Lung  (one  block  from  each  pair  of  lungs).  Fat  droplets  found  in  putmonary 
vessels  of  the  cat  killed  without  feeding— lungs  from  three  cats  examined. 

Kidney  (three  cats,  two  of  which  were  fat-fed).  Fat  droplets  present  in 
cortical  vessels  of  all  kidneys  examined. 

Sections  from  eight  other  organs  examined  in  three  cats. 

The  above  observations  may  indicate  that  the  feeding  of  a  rich  fat 
diet  in  cats  may  increase  the  number  of  intravascular  fat  droplets, 
recognizable  histologically. 

Of  the  three  fat-fed  cats  in  series  3,  two  were  killed  with  illuminating 
gas,  the  third  with  ether.  No  essential  differences  in  the  incidence  or 
amount  of  the  intravascular  fat  was  observed  depending  on  the  means 
of  death. 

All  the  observations  on  cats  seem  to  show  that  there  is  present  in 
this  animal  relatively  less  intravascular  fat,  recogni2abIe  histologically 
in  the  organs  examined,  than  is  found  iu  the  dog  or  rabbit.    This  is 
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most  noticeable  in  the  choroid  plexuses  where  in  the  dog  aud  mbbit, 
so  far  as  our  observations  go,  it  seems  to  occur  constantly  in  some  part 
of  the  choroid  plexus. 

SUMMABT 

1.  Free  fat  droplets,  stainable  with  Sudan  III,  Scharlach  R  or  osmic 
acid,  are  found  in  the  blood  vessels  of  the  brain,  lungs  and  other  organs 
of  the  dog  and  rabbit  in  considerable  number.  In  the  cat,  although 
present,  this  intravascular  fat  seems  to  occur  in  smaller  amount  than 
in  the  dog  or  rabbit. 

2.  Observations  on  dogs  indicate  that  there  are  no  quantitative  or 
qualitative  differences  between  the  fat,  recognized  histologically,  in  the 
vessels  of  normal  control  animals  and  that  demonstrated  in  dogfi 
subjected  to  concussion  or  prolonged  anesthesia. 

3.  In  cats  it  se^ns  probable  that  a  rich  fat  diet  increases  the 
incidence  and  amount  of  intravascular  fat  demonstrated  histologioally. 
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In  the  first  paper  of  thia  series  (1)  I  believed  that  I  had  shown  in 
a  sufficiently  convincing  manner  that  potassium  cyanide  decreases 
oxygen  consmnption.  Sponges  were  selected  as  the  most  favorable 
organisms  for  such  experiments  since  in  such  simple  animals  the  action 
of  drugs  like  cyanide  must  be  a  piuely  cellular  one.  As  the  results 
were  definite  and  striking  and  in  complete  accord  with  the  prevailing 
opinion  regarding  the  mode  of  action  of  cyanides  on  protoplasm,  it  did 
not  occur  to  me  that  any  further  experiments  with  this  p&rticular  sub- 
stance were  necessaiy.  Subsequently,  however,  Lund  (2)  published  a 
paper  in  i^ch  he  stated  that  he  was  unable  to  find  any  decrease  in 
the  rate  of  oxygen  consumption  in  Paramecium  in  the  presence  of 
cyanide.  In  this  paper,  the  considerable  number  of  investigations  now 
at  hand  regarding  the  physiological  and  phamiacologiGal  action  of  the 
cyanides  were  very  inadequately  considered  and  no  explanation  was 
given  as  to  why  Paramecium  should  differ  from  other  organisms  and 
cells  in  this  respect.  The  fact  is  that  all  investigations,  except  those 
of  Lund,  in  which  the  action  of  cyanides  upon  the  rate  of  oxygen  con- 
sumption has  been  directly  measured  have  demonstrated  a  striking 
decrease  in  rate  of  oxidation.  In  view  of  thia  evidence,  the  only  con- 
clusion which  is  warranted  from  Lund's  experiments  is  either  that 
Paramecium  is  an  exception  which  requires  special  explanation  or  that 
(he  experimental  method  employed  by  him  is  somewhere  at  fault. 

Since,  however,  Lund  seems  to  think  that  these  experiments  entitle 
him  to  raise  objections  to  the  conclusions  which  have  been  drawn  by 
Child  (3)  and  other  members  of  this  laboratory  from  researches  in 
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which  potassium  cyanide  (but  also  other  reageots)  has  been  employed, 
it  has  become  necessary  for  us  to  detennine  directly  the  action  of 
potassium  ^anide  upon  the  oxygen  consumption  of  Planaria  doroto- 
eephala,  the  animal  which  has  been  extensively  used  in  the  experiments 
referred  to.  I  therefore  undertook  to  measure  the  rate  of  oxygen 
consumption  of  Planaria  in  normal  and  cyanide-containing  water.  The 
results  of  this  invest^tion  are  reported  in  the  present  paper.  I  may 
say  at  once  that  in  my  experiments,  numbering  nearly  seventy-^ve, 
with  conoentratioDS  of  potassium  cyanide  ran^g  from  1/1000  to 
1/200,000  mol,  I  found  without  exception  a  decrease  in  the  rate  of 
o^gen  consumption  in  the  presence  of  cyanide.  In  the  stronger 
concentratifHis,  the  amoimt  of  oxygen  consumed  fell  to  10  to  20  per 
cent  of  the  normal  value;  with  increasing  dilution  of  the  cyanide  solu- 
tion, the  amount  of  decrease  gradually  diminishes.  In  every  case 
rannplete  recovery  occurred,  the  oxygen  consumption  rettuning  to  the 
former  rate  when  the  animals  were  replaced  in  water  and  thoroughly 
washed. 

Before  [aeeenting  my  experiments  in  detail,  I  wish  to  revjew  the 
literature  of  this  matter  since  it  has  been  largely  ignored  by  those  who 
would  like  to  think  that  cyanide  does  not  decrease  the  oxygen  con- 
sumption of  protoplaan.  This  literature  may  conveniently  be  considered 
under  four  heads:  the  chemical  structure  aitd  properties  of  the  cya- 
nides;  their  effect  upon  eniyme  and  other  catalytic  actions;  their 
physiol(^cal  effects;  and  their  specific  action  upon  the  respiration  of 
living  material. 

The  structure  of  potassium  cyanide  was  elucidated  throi^  the 
wwk  at  the  late  Prof.  J.  U.  Nef.  As  is  well  known,  Nef  believed  that 
many  organic  reactions  involve  first  the  dissociation  of  the  reacting 
substances  into  radicals  containing  unsaturated  carbon  atoms,  and  then 
the  union  of  such  radicals  with  other  groups  by  way  of  these  im- 
saturated  atoms.  Startii^  from  the  fact  that  only  tboee  organic 
compounds  which  contain  unsaturated  carbon  atoms  ("double"  and 
"triple"  bonded  ciurbon)  are  markedly  reactive,  Nef  concluded  that 
organic  reactions  in  general  are  due  to  the  presence  of  such  unsaturated 
atoms,  expecially  bivalent  carbon.    Methylene,  H — C  » ,  is  the  simplest 

I 

H 
compound  containing  bivalent  carbon,  but  this  cannot  exist,  according 
to  Nef,  because  its  bivalent  carbon  atom  is  so  extraordinarily  reactive 
that  it  promptly  unites  with  another  molecule  of  itself  or  with  any 
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other  available  group.  Nef  suspected  that  the  inorganic  and  ot^anio 
cyanides  (nitrils)  are  really  substitution  products  of  methylene,  having 
the  generalformula,  R— N"C  =  ,and  that  therefore  they  must  react  in  a 
maDQer  identical  with  the  olefines,  substances  known  to  contain  un- 
saturated carbon  atoms  and  chemically  characterised  by  their  ability 
to  form  additive  compounds.  He  found  (4)  that  this  waa  indeed  the 
case,  and  the  cyanides  will  form  additive  compounds  with  great  avidity 
with  halogens,  halogen  acids,  sulphur,  hydrogen  sulphide,  pho^ne, 
ammonia,  acetyl  and  benzoyl  chlorides,  alcohols,  aldehydes,  primary 
amines,  etc.,  and  polymerize  readily.  They  also  add  oxygen  with  great 
ease,  forming  R— N  =  C  =  0  (this  may  go  over  into  more  complex 
oxygenated  compounds).  In  short,  the  cyanides*  are  extremely  re- 
active substances;  they  rank  as  the  most  powerful  reducing  ^ents 
known;  they  interfere  with  oxidations  and  unite  readily  with  other 
groups,  particularly  unsaturated  ones  (5),  wherever  there  is  an  oppor- 
tunity for  them  to  do  so.  It  should  be  noted  that  such  unions  com- 
monly interfere  with  the  course  of  the  reaction,  when  cyanide  is  added 
to  reaotring  substances,  as  appears  to  be  always  the  case  in  living 
materials,  but  they  need  not  necesBarily  do  so  since  the  compound  bo 
formed  may  conceivably  be  more  favorable  for  the  reaction  than  the 
original  compoimds,  throt^  greater  solubility,  for  instance. 

The  reducing  power  of  the  cyanides  can  be  readily  demonstrated. 
If  potassium  cyanide  is  added  to  a  solution  of  potassium  permanga- 
nate, the  purple  color  disappears,  a  reduction  of  the  septivalent  Mn 
ion  to  the  bivalent  condition;  and  similarly  potassium  bichromate 
turns  green,  hexavalent  Cr.  havii^  been  reduced  to  trivalent  O.  Hub 
capacity  of  the  cyanides  for  taking  up  poffltive  charges  enables  them 
to  keep  substances  in  contact  with  them  in  a  reduced  condition,  or 
conversely,  to  prevent  them  from  undei^ing  oxidation,  since  oxidatiixt 
consists  in  the  addition  of  positive  charges.  Geppert  (6),  one  of  the 
early  workers  on  the  action  of  cyanide  on  animals,  attributes  its  power 
to  decrease  oxygen  consumption  to  this  property,  and  cites  several 
well  known  oxidations  with  which  potassium  cyanide  interferes.    One 

'  As  Nef  pointa  out,  substanoeB  containing  the  N'C^  radical  should  properly 
be  designated  as  iBocyanidea  or  iaonitrils,  einca  there  is  a  group  of  Bubetanoee 
containing  the  C^N  radical  for  which  the  name  cyanide  or  nitril  ehould  be 
retained.  In  fact,  these  substances  are  tautomeric,  a  solution  of  any  of  them 
containing  both  radicals,  although  there  is  very  little  C'N  present  in  solutiona 
of  potassium  cyanide.  However,  as  this  terminology  has  not  come  into  general 
usage,  it  is  not  employed  here. 
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of  the  most  striking  examples  of  the  power  of  cyanides  to  prevent 
oxidation  reactions  is  that  discovered  by  Mathews  and  Walker  (7), 
who  found  that  the  spontaneous  oxidation  of  cysteine  to  cystine  ia 
retarded  by  small  amounts  of  potassium  cyanide  and  other  isocyanides 
(nitnls)  and  prevented  by  larger  amounts.  The  authors  explain  the 
inhibition  as  due  to  the  union  of  cyanide  with  cysteine  at  the  point 
where  oxidation  would  otherwise  occur;  this  explanation  is  in  accord 
with  the  properties  of  the  cyanides  as  already  explained.  Curtman 
and  Kaufman  (8)  have  recently  called  attention  to  the  interference  of 
potassium  cyanide  with  the  whole  group  of  oxidations  commonly  used 
in  quantitative  analysis  in  which  iodine  is  set  free  through  the  oxidation 
of  an  iodide.  Whatever  the  oxidizing  agent  employed,  some  of  the 
liberated  cyanide  promptly  disappears  when  cyanide  is  present.  Any- 
one can  readily  observe  for  himself  the  fading  of  the  iodine  color  in 
such  solutions  upon  the  addition  of  iodine.  Since  the  Winkler  method 
for  the  det«nnination  of  the  oxygen  content  of  water  depends  upon 
such  an  oxidation  of  iodide  to  iodine,  it  is  quite  obvious  that  it  is 
chemically  impossible  to  determine  absolutely  the  oxygen  content  of 
cyanide-containing  water  by  this  method.  One  has  to  depend  upon 
relative  refiults,  or  remove  the  cyanide. 

The  foregoing  examples  suffice  to  demonstrate  the  inhibiting  effect 
of  cyanides  upon  oxidative  reactions  in  vitro,  and  there  is  no  reason 
to  assume  that  their  action  in  vivo  would  not  be  of  the  same  character. 

Cyanides  also  interfere  with  the  activity  of  organized  and  unor- 
ganized catalyzers.  They  greatly  retard  and  even  completely  prevent 
the  catalytic  splitting  of  hydrc^n  peroxide  by  finely  divided  plati- 
num, silver  and  other  heavy  metals.  This  catalysis  is  commonly 
believed  to  be  due  to  the  increased  adsorptive  surface  provided  by  such 
finely  divided  metals.  This  explanation  appears  to  me  to  be  inade- 
quate, for  the  following  reasons.  Loevenhart  (9)  and  Kastle  and 
Loevenhart  (10)  found  that  cyanide  and  a  number  of  other  substances 
which  retard  this  catalysis  produce  their  effect  by  forming  a  film  of 
insoluble  salt  around  the  metal  particles.  If  the  effect  of  the  metal 
particles  is  solely  physical,  why  should  the  presence  of  this  film  retard 
the  action?  On  the  other  hand,  the  same  substances  which  inhibit 
catalysis  by  platinum  and  silver  markedly  accelerate  the  same  catalsreiB 
when  copper  and  iron  are  used  and  the  cause  of  this  acceleration  ia  the 
union  of  the  accelerating  substances  with  the  metals  to  form  soluble 
salts.  If  the  catalysis  is  due  to  adsorption  on  the  metal  particles,  the 
change  of  these  metal  particles  into  soluble  salts  passing  into  true 
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BolutioD  ought  to  interfere  with  the  catalysis,  but  as  a  matter  of  fact 
it  markedly  accelerates  it.  The  catalysis  therefore  is  probably 
primarily  a  chemical  reaction,  whose  speed  depends  on  the  solnbility 
of  the  substances  present.  The  mechanism  of  many  familiar  reactions 
in  which  catalyzers  are  necessary  is  now  known  to  be  chemical;  for 
instance,  the  formation  of  esters  from  fatty  acids  and  alcohols  proceeds 
very  slowly  unless  acid  is  present.  The  acid  produces  its  acceleratiog 
effect  by  uniting  with  the  substances  present  to  form  a  complex  salt 
which  decomposes  to  yield  the  ester  and  the  original  amount  of  add 
very  much  faster  than  the  ester  would  be  formed  in  the  absence  of  add. 

Loevenhart  (9)  and  Kastte  and  Loevenhart  (II)  state  that  all  sub- 
stances which  catalyse  hydrogen  peroxide  also  bring  about  oxidationB, 
such  as  the  bluing  of  tincture  of  guaiacum,  oxidation  of  i^nolphthaliB 
to  ph^olphthalein,  etc.  Potassium  cyanide  and  other  substances 
which  inhibit  the  catalysis  of  hydrogen  peroxide  by  certain  metals  also 
inhibit  these  oxidations;  but  with  other  metals,  such  as  copper,  cyanide 
causes  an  acceleration  of  both  the  catalysis  and  the  oxidation  reactions. 
The  same  authors  found  that,  although  hydrogen  peroxide  oxidiKS 
guaiacum  to  only  a  slight  extent,  other  peroxides  like  benzoyl  peroxide, 
lead  peroxide,  silver  oxide,  manganese  dioxide,  readily  accomplish  this 
oxidation.  Now,  the  bluing  of  guaiacum  by  certain  of  these  peroxides, 
the  first  three  mentioned,  is  markedly  retarded  by  cyanide;  but  in  the 
case  of  manganese,  the  oxidation  is  accelerated. 

The  conclusion  which  I  wish  to  draw  from  these  facta  is,  I  think,  a 
significant  one, — namely,  that  the  action  of  cyanide  or  any  other 
substance  upon  a  given  chemical  process  depends  primarily  on  the 
nature  of  the  compoimd  formed  by  the  cyanide  with  the  reacting 
substances.  If  this  compound  is  less  active  than  the  other  reacting 
substances,  through  insolubility,  slight  dissociating  power  or  other 
causes,  the  reaction  will  be  retarded  or  even  completely  inhibited.  If 
the  compound  formed  is  more  active,  then  the  reaction  will  be  ac- 
celerated. This  point  of  view  should  replace  the  old  dogmatic  idea 
that  cyanide  is  "a  specific  inhibitor"  of  oxidations  or  any  other 
reactions.  It  Ttterely  happens  that  in  the  case  of  living,  OTganited 
materials,  the  compounds  formed  with  cyanide  are  nearly  always  much 
lees  reactive  than  the  ori^nal  substances,  so  that  biochemical  processee 
are  in  general  retarded. 

The  retarding  effect  of  the  cyanides  upon  certain  organized  catalyseis, 
that  is,  ensymes,  has  long  been  known.  According  to  Fiechter  (12), 
the  enzymatic  power  of  intact  bacteria,  yeasts  and  fungi  is  completely 
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inhibited  by  hydrocyanic  acid.  This  author  and  also  Schdnbein  (13) 
found  that  yeast  is  entirely  unable  to  split  glucose  in  the  presence  of 
HNC;  the  effect  is  completely  reversible,  the  fermentation  proceeding 
as  soon  as  the  hydrocyanic  acid  evaporates.  These  retarding  effects 
of  the  cyanides  upon  ensyme-containing  cells  are  probably  to  be  re- 
garded as  due  to  inhibition  of  the  general  metaboUc  processes  in  such 
eeUs  rather  than  as  actions  upon  the  ensymes  themselves. 

It  is  significant,  in  view  of  the  strong  reducing  power  of  the  cyaoidea, 
that  they  particularly  inhibit  the  activities  of  those  enzymes  asso- 
ciated with  oxidation  processes  in  cefls;  that  is,  the  batalases,  oxidases, 
peroxidases  and  reductases.  Schonbein  (13)  discovered  that  practically 
all  tissues,  both  plant  and  animal,  have  the  property  of  splitting 
hydrogen  peroxide  into  water  and  oxygen.  Loew  (14)  showed  that 
this  property  was  due  to  a  specific  enzyme  (or  enzymes)  to  which  he 
gave  the  name  catalase.  The  recent  studies  of  Surge  (15)  have  shown 
that  in  animals  catalase  is  closely  associated  with  oxidation  processes, 
since  factors  which  are  known  to  increase  the  respiratory  exchange,  as 
muscular  activity,  feeding  of  thyroid,  etc.,  also  increase  the  catalam 
content  of  organs,  while  factors  which  decrease  respiration  likewise 
decrease  the  catalase  content.  The  same  has  been  demonstrated  for 
plants  by  Appleman  (16).  He  found  that  various  treatments  which 
increase  the  respiratory  exchange  in  potato  tubers,  such  as  soaking 
in  ethyl  bromide,  changing  from  a  lower  to  a  higher  temperature, 
greening  in  light,  sprouting,  also  augment  the  catalase  content  of 
tubers.  The  activity  of  catalase,  whether  in  its  normal  relations  in 
intact  cells,  such  as  yeast  cells  and  red  blood  corpuscles,  or  in  extracts, 
is  completely  inhibited  by  cyanides,  so,  that  not  a  trace  of  oxygen  is 
evolved  from  the  solutions.  The  effect  is  quite  reversible,  the  usual 
amount  of  oxygen  beii%  released  when  the  cyanide  volatilises.  This 
action  of  cyanide  on  catalase  was  disoovered  by  Sch6nbein  (13)  and  has 
been  repeatedly  confirmed  since  by  Schilr  (17)  and  Jacobeon  (18),  for 
example,  who  used  not  only  hydrocyanic  acid  but  abo  some  substi- 
tuted cyanides  with  the  same  result.  Moore  and  Willaman  (19)  investi- 
gated the  action  of  HNC  on  the  oxidases  and  catalases  of  plants.  The 
oxidases  from  dried  tomato  leaves  or  tomato  juice  are  reversibly  inhib- 
ited by  hydrocyanic  acid ;  and  oxidases  obtained  from  plants  after  fmni- 
gation  with  HNC  are  less  active  than  those  from  normal  plants.  Fumi- 
gated plants  carry  on  less  photosynthesis  than  normal  ones  and  they  fail 
to  use  the  starch  which  they  produce ;  this  last  effect  was  shown  to  be  due 
to  an  inhibition  of  the  consumption  and  oxidation  of  sugar,  since  the  basal 
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part  of  a  branch  of  which  the  tip  alone  is  fumigated  retains  its  starch. 
These  authors  also  found  that  the  catalases  of  plants  are  markedly 
inhibited  by  cyanide.  Eastle  and  Loevenhart  (11)  worked  with  plant 
'  oxidases  which  turn  tincture  of  guaiacum  blue,  and  found  that  such 
oxidases  are  inhibited  by  cyanide.  Schdnbein  and  Sch&r  observed  (17) 
that  the  power  of  plant  tissues  to  reduce  nitrates  to  nitrites  is  greatly 
interfered  with  by  cyanides.  Schafer  (20)  extracted  from  the  bodies 
of  insects  oxidases  which  turn  guaiacum  blue  and  give  the  indopbenol 
reaction,  reductases  which  reduce  methylene  blue,  and  catalases.  Hy- 
drocyailic  acid  wa&  found  to  retard  the  activity  of  all  three  classes 
of  enzymes  reversibly.  Of  particular  interest  are  the  observations  of 
Raubitscbek  (21)  and  Schultie  (22)  on  the  indopbenol  reaction.  When 
a  mixture  of  dimethyl-p-phenylenediamine  and  o-naphthol  is  applied 
to  cells  or  tissues  a  deep  blue  precipitate  of  indopbenol  results  in  certain 
regions.  As  the  reaction  is  an  oxidation  it  occurs  only  where  oxida- 
tions are  taking  place  and  has  therefore  been  used  to  demonstrate  the 
location  of  oxidases  in  cells.  The  authors  mentioned  have  demonstrated 
that  the  indopbenol  reaction  does  not  occur  when  cyanide  is  present. 
Sections  made  by  the  freezing  method  of  organs  of  animals  killed  by 
narcotics,  asphyxia,  carbon  monoxide  gaa  and  various  other  means  all 
show  the  indopbenol  reaction  but  sections  of  ot^ans  from  anim^ 
killed  by  potassium  cyanide  (placed  in  the  mouth)  give  no  trace  of  the 
reaction.     The  result  is  due  to  the  inhibition  of  oxidases  by  the  cyanide. 

The  cyanides  therefore  have  a  markedly  depressing  and  inhibiting 
effect  upon  those  groups  of  enzymes  which  are  generally  beheved  to 
bring  about  the  oxidation  processes  in  oi^nisms. 

As  is  to  be  expected,  the  cyanides  have  less  or  no  effect  upon  that 
class  of  enzymes  whose  mode  of  action  is  hydrolytic.  The  observations 
of  various  investigators  do  not,  however,  agree  very  well.  According 
to  Fiechter  (12),  even  very  concentrated  solutions  of  HNC  have  so 
effect  upon  the  digestion  of  fibrin  by  pepsin,  althotmh  a  1 :  2500  solution 
markedly  retards  the  digestion  of  e^  white  by  pepsin;  a  1: 200  solution 
was  required  to  produce  any  retardation  of  the  activity  of  saUvary  and 
pancreatic  diastase.  Fiechter  was  of  the  opinion  that  in  concentrations 
of  this  strength  the  acidity  was  probably  the  chief  factor.  Butke- 
witsch  (23)  reported  that  trypsin  from  the  pancreas  is  very  resistant  to 
the  action  of  HNC  and  that  certain  proteolytic  enzymes  obtauiable 
from  the  seeds  of  many  plants  are  not  only  not  inhibited  by  cyanide, 
but  are  accelerated.  He  thought  that  the  first  stages  of  proteolytic 
sphtting  were  accelerated  while  the  later  stages  were  retarded,  but 
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also  suffiested  that  the  result  might  be  due  to  the  acidity  of  the  hydro- 
cyanic acid.  Similarly  Vines  (24)  fouDd  that  1  per  cent  HNC  has  no 
effect  upon  the  activity  of  the  proteolytic  enzyme  found  in  the  pitchers  ^ 
of  the  pitcher  plant,  although  the  activity  of  glycerin  extracts  of  the 
walla  of  the  pitcher  was  shghtly  retarded  by  cyanide.  The  enzyme 
papain,  a  protease  from  the  papaw,  is  remarkably  accelerated  by 
HNC,  according  to  Mendel  and  Blood  (25)  and  Frankel  (26),  the 
effect  being  due  to  the  NC  radical  and  not  to  the  hydrogen  ion.  In 
contrast  to  these  results  are  those  of  several  investigators  who  report 
an  inhibiting  effect  of  cyanide  upon  sinular  enzymes.  Abderhald^n, 
Cammerer  and  Fincussohn  (27),  wortdng  with  an  enzyme  from  yeast 
which  splits  polypeptids,  found  that  its  activity  was  accelerated  by 
very  low  concentrations  of  KNC  (about  1/30,000  to  1/150,000  per 
cept),  first  accelerated  and  then  retarded  by  less  dilute  solutions,  and 
greatly  retarded  by  stronger  solutions.  Chittenden  and  Allen  (28) 
found  that  KNC  prevents  the  digestion  of  fibrin  by  pepsin  (a  result 
exactly  contrary  to  that  of  Fiechter),  and  retards  the  action  of  trypsin 
and  ptyalin.  Mercuric  cyanide  had  similar  effects.  Some  enzymes, 
however,  were  found  by  them  to  be  accelerated  by  cyanides,  or  first 
accelerated  and  then  depressed.  Hahn  and  Geret  (29)  reported  that 
HNC  retards  the  activity  of  a  trypsin-lik^enzyme  from  yeast.  These 
confiicting  results  are,  I  think,  reconcilable  on  the  basis  of  the  same 
su^estion  which  I  have  made  with  reference  to  the  relation  of  cyanides 
to  chemical  reactions, — that  whether  the  reaction  shall  be  accelerated  or 
retarded  depends  upon  the  nature  of  the  compound  formed  with 
i^anides  and  hence  upon  the  nature  of  the  reacting  material,  in  this 
case,  the  enzymes.  The  accelerating  effect  of  dilute  solutions  of  cyanide 
and  the  retarding  effect  of  stronger  solutions  on  some  enzymes  is 
suggestive  since  it  resembles  the  effect  of  cyanides,  narcotics  and 
many  toxic  substances  on  intact  oi^^anisms,  and  has  also  been  observed 
in  purely  chemical  reactions. 

Numerous  instances  are  at  hand  of  the  depressing  and  retarding 
effects  of  the  cyanides  upon  physiological  processes  in  general;  in  most 
cases,  these  effects  can  be  most  reasonably  referred  to  depression  of 
oxidation.  The  symptoms  of  cyanide  poisoning  in  vertebrates  markedly 
resemble  those  of  asphyxia.  Geppert  (6)  has  described  in  detail  the 
symptoms  in  mammals;  the  respiration  is  first  greatly  increased  in  rate 
and  depth;  defecati<fti,  vomiting  and  loss  of  muscular  control  follow; 
breathing  becomes  more  difficult  but  is  still  rapid;  violent  convulsions 
occur;  finally  the  convulsions  cease,  the  respiration  slows  down  and 


oy  Google 


348  L.   H.   HTHAN 

death  occurs  with  a  final  increase  in  respiratory  rate.  Dontas  (30) 
reports  similar  symptoms  in  frogs  poisoned  with  cyanide:  irregularity 
of  respiration  followed  by  a  marked  decrease  in  rate;  tremblings  of  the 
muscles;  cessation  of  breathing  and  disappearance  of  reflexes.  Ac- 
cording to  Drzewina  (31)  fish  exhibit  all  of  the  symptoms  of  asphyxia 
when  placed  in  cyanide  solutions;  they  swim  violently,  come  to  the 
surface  for  air  and  finally  die  with  decreased  respiration.  In  vert^ 
bratee  then  the  symptoms  chiefly  concern  the  central  nervous  system,  a 
fact  of  particular  significance  in  view  of  the  high  metabolic  rate  of  the 
nervous  system  which  renders  it  peculiarly  susceptible  to  aajrphyxiating 
substances.  Particular  emphasis  has  been  placed  upon  the  depressing 
effect  of  cyanide  upon  the  respiratory  center  but  this  is  misleading,  as 
all  portions  of  the  brain  are  affected,  as  evidenced  by  vomiting  (vomit- 
ing center),  loss  of  muscular  control  (cerebellum?),  loss  of  consciousneaa 
(cerebral  hemispheres),  disappearance  of  the  corneal  reSex  (sensory 
nucleus  V,  motor  nucleus  VII),  etc.  Grove  and  Loevenhart  (32)  and 
Gasser  and  Loevenhart  (33)  have  studied  the  effect  of  cyanide  upon 
the  medullary  centers  of  mammals.  They  found  that  small  doses  of 
cyanide  stimulate  these  centers,  larger  doses  first  stimulate  and  then 
depress.  The  respiratory  center  is  most  sensitive,  vasoconstrictor  center 
next  and  cardio-inhibitory  center  least  sensitive  to  cyanide.  Adding 
carbon  monoxide,  hydrogen  or  nitrogen  to  the  inspired  air,  clamping 
the  carotid  arteries,  stopping  the  artificial  respiration  or  any  method 
which  reduces  the  oxygen  supply  to  the  brain  produces  effects  identical 
with  those  due  to  injecting  cyanide;  that  is,  cyanide  acts  in  the  same 
manner  as  lack  of  oxygen.  Loeb  in  many  of  his  studies  has  proved 
that  the  effect  of  cyanide  on  sea-urchin  eggs  is  identical  with  lack  of 
(xtygen:  for  example,  cytolysis  of  sea-urchin  eg^  after  exposure  to 
hypertonic  solutions  is  prevented  by  potassium  cyanide  or  an  atmos- 
phere of  hydrogen  (34) ;  fertilized  eggs  will  Dot  develop  either  in  an 
atmosphere  of  hydrogen  or  in  the  presence  of  KNC  (35),  a  1/2000  per 
cent  solution  completely  but  reversibly  preventing  development,  while 
weaker  solutions  only  retard  it;  cyanide  prevents  the  parthenogeneUe 
action  of  hypertonic  sea  water,  for  which  oxygen  is  likewise  necessary 
(35);  unfertilized  eggs  are  much  less  susceptible  to  cyanide  than  fer- 
tilized and  developing  ones  (35),  and  as  is  well  known  consume  much 
less  oxygen  than  the  latter;  the  toxic  effects  of  a  number  of  solutions 
upon  sea-urchin  e^s  can  be  prevented  either  by*  withdrawing  oxygen 
from  the  toxic  soliitioa^  or  adding  cyanide  to  them  (36),  (37).  The 
circulation  of  the  protoplasm  in  plant  cells,  for  which  oxygen  is  nec- 
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MBary,  is  reversibly  stopped  by  hydrocyanic  acid  (38).  The  body 
temperature  of  mammals,  which  is  due  to  oxidation,  falls  reverwbly  in 
non-lethal  cyanide  poisoniiig  (39).  Amberg,  Loevenhart  and  McClure 
(40)  have  obeerved  that  certain  experimentally  induced  inSammations 
are  greatly  benefited  or  prevented  by  the  application  of  substances 
which  yield  oxyi^n  readily,  and  cyanide  ^gravates  the  inflammation 
and  counteracts  the  curative  effects  of  these  substances.  Dontaa  (30) 
has  made  an  interesting  study  of  the  action  of  sodium  cyanide  upon 
the  nerves  and  muscles  of  the  frog.  He  found  the  central  nervous 
qrstem  to  be  most  susceptible,  the  peripheral  nerves  less  susceptible 
and  the  muscles  the  least  susceptible  of  the  neuromuscular  apparatus. 
The  conductivity  of  nerves  was  found  by  him  to  be  completely  but 
reversibly  abolished  in  the  proper  concentrations  of  cyanide.  The 
current  of  action  and  the  current  of  injury  completely  disappear  in 
nerves  immersed  in  cyanide  of  proper  strength,  and  return  to  their 
former  value  when  the  cyanide  is  washed  out.  I  have  discussed  else- 
where the  relation  of  these  currents  to  metabolic  rate  (41).  Strong 
sunlight  is  injurious  or  even  fatal  to  many  of  the  lower  invertebrates, 
presumably  because  it  accelerates  metabolic  processes  too  greatly; 
Drzewina  (31)  has  found  that  these  effects  of  light  are  abolished  in  the 
presence  of  cyanide.  Moore  and  Willaman  (19)  state  that  photo- 
synthesis is  decreased  in  plants  fumigated  with  HNC  gas  and,  as  is 
well  known  to  plant  physiolc^iste,  is  similarly  affected  by  lack  of 
oxygen.*  They  further  found  that  cyanide  interferes  with  the  con- 
sumption of  si^;ar  in  plants,  presumably  an  oxidation.  According  to 
Skanischewsky  (42),  cyanides  decrease  the  power  of  ftnimalH  to  perform 
simple  oxidation  such  as  the  formation  of  phenol  from  benzene.  Budgett 
(43)  has  noted  that  lack  of  oxygen  and  potassium  cyanide  (also  other 
poisons)  produce  identical  structiu^  and  death  changes  in  Protozoa; 
and  he  figures  a  disintegration  gradient  in  Oxytricha  in  lack  of  oxygen 
and  cyanide  which  is  identical  with  the  gradiente  which  we  have  de- 
scribed for  many  of  the  tower  ot^nisms  killed  in  cyanide.  Planaria 
also  exhibits  the  same  death  gradient  in  lack  of  oxygen  as  it  does  in 
cyanide.  Cyanide  prevents  the  germination  of  seeds  and  fungus 
spores,  and  completely  inhibite  theu-  growth  (13),  (17),  (44);  dilute 
solutions  may  accelerate  these  processes.  For  growth  and  germination 
of  such  materials,  oxygen  is  of  course  indispensable. 

■  St&tementfl  of  this  kind  are  made  on  the  authority  of  Jost'a  Plant  Pkytiology. 


oy  Google 


350  L.   H.    HTMAM 

These  infitances,  including  a  variety  of  physiological  processes,  aU 
strongly  suggest  that  there  is  a  direct  relation  between  cyanide  and 
metabohc  rate.  The  action  of  cyanide  upon  these  processes  is  similar 
and  often  identical  with  the  effect  of  absence  of  oxygen;  and  is  moat 
striking  upon  processes  and  conditions  known  to  require  much  oxygen. 

It  must  always  be  borne  in  mind  that  the  concentration  of  cyanide 
employed  in  such  experiments  is  of  the  greatest  importance,  educe 
dilute  solutions  often  produce  the  opposite  effect  from  stronger 
solutions. 

The  final  group  of  data  which  I  wish  to  present  includes  those 
instances  in  which  direct  measurements  of  the  respiratory  exchange  in 
the  presence  of  cyanide  have  been  made.  This  kind  of  evidence  is  of 
course  the  most  convincing  and  I  have  therefore  made  an  effort  to 
collect  all  of  the  cases  of  this  kind  extant  in  the  Uterature.  The  impetus 
to  experimentation  upon  this  subject  was  ^ven  by  the  discovery  of 
Claude  Bernard  (45)  that  the  venous  blood  is  red  in  cyanide  poisoning. 
This  was  confirmed  by  Gaethgens  (46)  who  notes  that  in  cyanide  poison- 
ing in  rabbits  the  blood  in  the  small  vessels  of  the  ears  and  mucous 
membrane  of  the  lips  and  in  the  jugular  vein  is  bright  red,  and  that  the 
venous  side  of  the  heart  (as  viewed  through  an  opening  made  in  the 
diaphragm)  is  of  the  same  bright  red  color  as  the  arterial  half.  The 
observation  has  of  course  been  made  repeatedly  since.*  Claude  Ber- 
nard did  not  explain  the  red  color;  but  with  his  usual  perspicuity  he 
determined  that  the  action  of  cyanide  upon  the  blood  is  not  the  same 
as  that  of  carbon  monoxide,  since  blood  when  mixed  with  cyanide  will 
not  turn  red  unless  air  is  present.  In  other  words,  in  all  probability, 
the  red  color  is  simply  due  to  oxyhemoglobin.  Hoppe-Seyler,  Preyer 
and  their  students  were  much  interested  in  this  question  of  the  causa- 
tion of  the  red  color  of  the  venous  blood  in  cyanide  poisoning,  and  they 
beUeved  it  was  due  in  part  at  least  to  the  formation  of  a  compound 
between  cyanogen  and  hemo^obin.  But  Hoppe-Seyler  (48)  waa 
unable  to  prove  that  any  such  compound  exists  in  the  circulating  blood 
when  cyanide  is  present,  since  such  blood  gives  the  same  spectrum  as 

'  Chio  (47)  presents  a  theory  that  the  red  color  of  the  venoua  blood  in  cyanide 
poieoning  ie  due  to  the  action  o(  cyanide  oa  the  walls  of  the  veins  bo  that  the 
venous  blood  flows  bo  fast  throU);h  the  veins  that  the  cellB  do  not  h&ve  time  to 
withdraw  oxygen  from  iti  The  idea  seems  absurd,  as  there  ie  no  evidence  of 
vasomotor  fibers  in  the  walls  of  the  smaller  veins.  Chio's  further  contentloD 
that  cyanide  acts  by  disturbing  the  neutrality  mechanism  is  pertinent  only  to 
the  higher  animals,  whereas  cyanide  produces  aimilar  effects  on  all  animals. 
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normal  blood  and  yields  normal  hemoglobin  cryatsU.  This  question 
was  settled  by  the  experimente  of  Zeynek  (49)  who  proved  that 
hemoglobin  will  not  unite  with  cyanide,  and  oxyhemoglobin  unites  with 
it  only  after  heating  several  hours  at  body  temperature;  and  it  la  now 
uiiiveraally  recognized  that  the  action  of  cyanide  on  vertebrates  is  not 
due  to  such  union. 

The  earlier  experiments  on  the  rate  of  oxygen  consumption  in 
cyanide  poisoning  were  inconclusive  because  of  inadequate  technique. 
The  first  reliable  experiments  were  those  of  Geppert  (6),  who 
pointed  out  the  inadequacies  of  the  earlier  methods  and  used  im- 
proved methods.  Geppert  found  that  the  oxygen  consumption  of 
mammals  is  increased  during  the  first  stages  of  cyanide  poisoning  and 
later  falls  markedly.  When  all  of  the  symptoms  of  poisoning  have 
developed,  the  oxygen  consumption  is  always  less  than  normal,  is 
spite  of  the  fact  that  the  animal  is  in  violent  muscular  convulsions  and 
that  the  respirations  are  greatly  increased  in  rate  and  depth.  It  is 
quite  impossible  therefore  to  ascribe  the  decrease  in  oxygen  consump- 
tion to  effects  upon  the  respiratory  center,  for  the  decrease  appears 
while  the  respirations  are  enormously  accelerated  and  the  amount  of 
air  passing  through  the  lungs  is  much  greater  than  under  normal 
conditions.  It  was  further  conclusively  proved  by  Geppert  that  the 
red  color  of  the  venous  blood  is  due  to  oxyhemoglobin.  Such  red 
venous  blood  was  found  by  him  on  anal^s  to  contain  as  much  or 
nearly  as  much  oxygen  as  the  arterial  blood,  and  the  oxygen  content 
of  the  arterial  blood  was  the  same  as  usual.  The  arterial  blood  there- 
fore takes  up  oxygen  in  the  lungs  in  the  usual  amount  but  the  tissues 
do  not  withdraw  this  oxygen.  Geppert  further  demonstrated  that  the 
oxygen  in  the  venous  blood  in  cyanide  poisoning  is  not  held  or  bound 
in  any  other  than  the  normal  way,  since  the  oxygen  can  easily  be 
withdrawn  from  the  blood,  as  by  allowing  the  animal  to  breathe 
hydrogen.  After  recovery  of  the  ftnlmala  from  non-lethal  doses  of 
cyanide,  the  oxygen  consumption  and  the  color  of  the  venous  blood 
return  to  normal.  I  believe  that  anyone  who  will  take  the  trouble 
to  read  Geppert's  paper  carefully  will  be  convinced  that  he  has  avoided 
every  source  of  error  and  answered  all  objections,  and  that  there  is 
no  escape  from  his  conclusion  that  in  the  animals  with  which  he  worked 
the  oxygen  consumption  of  the  cells  is  directly  decreased  in  the  presence 
of  cyanide. 

A  considerable  number  of  similar  experiments  have  been  performed 
since  on  various  Uving  materials  which  entirely  support  Geppert's 
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CODcluBion.  Schroeder  (50)  meaaured  the  effect  of  KNC  upon  the 
rat«  of  ox^sen  consumptioD  and  carbon  dioxide  output  in  AapergiJha. 
He  found  that  the  oxygen  coneumption  is  reduced  50  to  94  per  cent 
according  to  the  concentrations  used,  and  the  carbon  dioxide  pro- 
duction also  greatly  diminished.  Recovery  and  return  to  the  ori^nal 
rate  of  respiratory  exchange  .occurred  from  all  except  the  strongest 
concentrations.  Skanischewesky  (42)  determined  the  action  of  a 
number  of  nitrils  on  mammals  and  fotmd  that  all  of  them  decreased 
both  the  rate  of  oxygen  consumption  and  of  carbon  dioxide  production. 
Complete  recovery  occurred.  Since  the  effect  of  the  various  nitrils  was 
the  same,  the  author  concluded  that  the  NC  group  was  respoouble  for 
the  result.  Vernon  (51),  working  on  isolated  kidneys  perfused  with 
Ringer's  solution,  found  that  the  oxygen  consumption  of  such  prepa- 
rations is  greatly  decreased  when  HNC  is  added  to  the  Ringer's 
solution  and  gradually  rises  again  when  the  cyanide  is  washed  out. 
Batelli  and  Stem  (52)  studied  the  respiratory  exchange  of  nuQced 
organs  and  tissues  of  vertebrates,  and  found  that  such  preparations 
consume  oxygen  and  give  off  carbon  dioxide  in  large  quantities  for 
several  hours  after  death,  the  respiratory  exchange  of  course  gradually 
diminishing.  They  deteimined  the  action  of  potassium  cyanide  on 
beef  Uver  and  muscle,  horse  muscle  and  brain  and  pigeon  muscle, 
performii^  sixteen  experimente  in  each  of  which  ouf  to  five  concentra- 
tions of  cyanide  ranging  from  1/12  to  1/10,000  mol.  were  employed.  Id 
all  cyanide-containing  solutions,  a  decrease  in  both  oxygen  consumption 
and  carbon  dioxide  production  was  observed,  the  amount  of  decrease 
depending  upon  concentration.  Whether  recovery  occurs  was  not 
stated  by  the  authors.  Warburg  (53)  found  that  the  oxygen  con- 
sumption of  sea-urchin  eggs  and  red  blood  corpuscles  of  geese  is  de- 
creased 50  to  70  per  cent  in  the  presence  of  potassium  cyanide.  War 
burg  (M),  Fiechter  (12)  and  others  noted  that  the  oxygen  consumption 
of  yeast  is  decreased  by  cyanide  and  nitrils.  Loeb  and  Wasteoeys 
(55)  also  demonstrated  that  cyanide  decreases  the  rate  of  oxygen 
consumption  in  sea-urchin  eggs.  In  sponges,*  I  showed  that  dilute 
solutions  of  KNC  increase  the  rate  of  oxygen  consumption,  slightly 
stronger  ones  first  increase  it  and  then  decrease  it,  and  stroller  solu- 
tions decrease  the  rate  to  a  marked  degree  (1).    In  all  of  my  experi- 

<  I  take  this  opportunity  of  correcting  an  eironeoiu  statement  made  in  th&t 
paper  regarding  the  taxonomic  position  of  Suberitee,  the  sponge  employed.  It 
is  not  a  calcareous  sponge,  as  stated,  but  a  ailiceous  sponge,  belonging  to  the 
Monaxonida. 
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meate  complete  recovery  and  ratuni  to  original  rate  of  oxygen  con- 
sumption was  observed.  Onaka  (56)  measured  the  oxygen  consumption 
of  red  blood  corpuscles  of  geese  in  cyanide.  In  1/1000  mol.  solution 
no  ox^en  was  consumed;  in  1/10,000  mol.,  the  oxygen  consumption 
was  about  20  per  cent  of  the  nonnal;  and  in  1/20,000,  about  40  or  50 
per  cent  of  the  nonnal.  The  result  was  reversible,  recovery  occurring  in 
about  one  and  a  half  hours.  Onaka  further  noted  that  cyanide  does 
not  affect  the  oxygen-carrying  function  of  the  red  blood  corpuscles, 
since  corpuscles  in  cyanide  will  lose  their  red  color  when  hydrogen  is 
bubbled  through,  and  regain  it  when  oxygen  is  again  admitted. 
Shafer  (57)  found  that  hydrocyanic  acid  gas  (and  other  volatile  in- 
secticides) decreases  the  rate  of  oxygen  consumption  and  carbon 
dioxide  output  in  Patsalus  comutua,  a  common  Lucanid  beetle. 

These  experiments,  covering  a  wide  range  of  materials  and  per- 
formed independently  by  a  number  of  investigators,  fiu-nish  a  sound 
basis  for  the  conclusion  which  has  been  generally  drawn  from  them 
that  cyanides  directly  decrease  the  rate  of  oxygen  consumption  of 
protoplasm.  The  chief  objection  raised  against  this  conclusion  is  the 
one  advanced  by  Carlson  (68)  and  others, — that  anaerobic  organisms 
and  tissues  are  just  as  susceptible  to  cyanide  as  aerobic  ones.  To 
this  objection  there  is,  I  think,  an  adequate  answer.  The  energy- 
producing  processes  of  anaerobic  organisms  are  not  in  reality  different 
frran  those  of  aerobic  ones.  Whereas  the  latter  employ  extramolecular 
oxidations,  the  former  make  use  of  intramolecular  ones,  such  as  the 
reduction  of  sulphates,  nitrates,  etc.  A  case  in  which  the  evidence  is 
complete  is  that  of  yeast.  Yeast  can  consume  oxygen  in  the  ordinary 
way,  deriving  energy  from  ordinary  protoplasmic  respiration;  it  can 
also  carry  out  an  intramolecular  oxidation,  the  sphtting  of  sugars  into 
alcohol  and  carbon  dioxide.  The  latter  process  is  in  fact  accelerated 
by  lack  of  oxygen,  showing  that  it  can  take  the  place  of  ordinary 
respiration.  Cyanides  by  virtue  of  their  reducing  powers  ought  to 
interfere  with  both  types  of  oxidations;  this  is  indeed  the  case,  as  was 
long  ago  pointed  out  by  Hecfater  (12).  In  fact  the  intramolecular 
oxidation  is  much  more  sensitive  to  cyanide  than  the  extramolecular 
one,  perhaps  because  the  former  is  a  simpler  reaction.  It  is  worthy 
of  note  in  this  connection  that  cyanides  also  interfere  with  the  oxida- 
tions of  sugar  in  vitro,  as  by  Fehling's  and  similar  solutions. 

Since  cyanides  decrease  the  rate  of  oxygen  consumption,  it  follows 
that  cells  or  organisms  or  parts  of  organisms  which  have  the  highest 
rate  of  respiratory  exchange  will  be  more  susceptible  to  cyanide  and 
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will  therefore  die  in  lethal  coDcentrations  of  cyanide  faster  than  parts 
or  organisms  respiring  less  actively.  On  this  basis  the  death  gradients 
in  organisms  and  the  differences  in  time  of  death  of  different  individuals 
or  parts  of  oi^anisms  killed  in  cyanide  have  been  interpreted  by  workers 
in  this  laboratory  (3)  as  due  to  differences  in  metabolic  rate,  or  more 
specifically,  rate  of  oxygen  consumption.  This  interpretation,  there- 
fore, was  neither  invented,  devised  nor  assumed  by  these  workers,  as 
certain  critics  of  it  persist  in  saying,  but  was  mmply  the  logical  con- 
clusion to  be  drawn  from  the  large  mass  of  experimental  evidence 
which  I  have  summarized  here.  In  fact,  potassium  cyanide  was 
chosen  by  Child  (59)  for  the  purpose  of  demonstrating  such  gradients 
after  he  had  become  convinced  from  other  evidence  that  they  existed 
because  cyanide  was  generally  accepted  by  physiologists  and  pharma- 
colt^ts  as  a  depressor  of  metabolic  processes.  We  have  however 
tried  wherever  the  nature  of  the  material  permitted  to  check  the 
susceptibility  data  by  direct  measurements  of  carbon  dioxide  pro> 
ductioD  (determinations  of  oxygen  consumption  will  be  made  next). 
The  carbon  dioxide  production  has  been  determined  by  tbe  biometer 
and  hy  Haas's  indicator  method  (60).  In  this  way  Child  has  proved 
that  individuals  or  parts  of  Planaria  which  are  more  susceptible  to 
cyanide  also  invariably  give  off  more  carbon  dioxide  than  less  sus- 
ceptible ones.*  Ail  conditions  which  are  known  to  increase  oyxgen 
consumption  and  carbon  dioxide  output  in  organisms,  such  as  motor 

■  A  special  statemeDt  is  required  with  regard  to  the  condJUona  in  ■tursttOB 
and  feeding.  StsrvatioD  gradually  inereaaes  the  suaeeptibility  to  cyanide. 
However,  the  total  metabolism,  as  determined  by  COj  production,  decreases 
during  the  early  stages  of  starvation  and  increases  only  in  the  later  stages.  This 
apparent  discrepancy  between  susceptibility  and  metabolic  rate  is  quite  simply 
explained.  Susceptibility  is  commonly  measured  by  the  time  of  death  of  thtt 
surface  of  the  body,  little  attention  being  paid  to  the  digestive  tract.  Total 
metabolism,  however,  involves  also  tbe  metabolism  of  the  digestive  tract  which, 
as  is  well  known,  is  greatly  increased  by  feeding;  this  increase  is  quite  noticeable 
in  Planaria  also.  Therefore,  in  the  first  stages  of  starvation,  as  the  activity  of 
tbe  digestive  tract  is  diminished,  the  total  metabolism  falls,  whereas  the  sua- 
eeptibility to  cyanide  (of  the  body  surface)  remains  the  same  or  increases.  In 
the  later  stages  of  starvation,  both  susceptibility  and  total  metabolism  increase. 
The  increased  activity  of  the  digestive  tract  through  feeding  can  be  detected  by 
cyanide  also,  provided  one's  attention  is  directed  to  this  particular  point,  that  is, 
tbe  digestive  tract  often  disintegrates  in  fed  animals  before  the  body  wall  does. 
The  term  susceptibility,  however,  as  used  by  us,  generally  refers  to  the  suscepti- 
bility of  the  surface  only.  The  full  report  of  Child's  work  on  starvation  and 
feeding  is  now  in  press  in  this  journal. 
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activity,  injury,  growth  and  regeneration,  rise  of  temperature,  also 
increase  the  susceptibility  to  cyanide.  Young  and  growing  regions  of 
plants  and  animals,  or  young  organisms  carry  on  metabolism  more 
actively  than  older  ones  and  are  likewise  more  susceptible  to  cyanide. 
The  same  facts  are  known  for  developing  e^s,  the  oxygen  consump- 
tion and  heat  production  and  also  susceptibility  to  cyanide  increasing 
from  fertilization  up  throu^  the  gastmla  stage  (61).  Alvarez  (62) 
has  found  the  same  conditions  to  obtain  in  the  digestive  tract.  The 
upper  portions  of  the  intestine  have  a  greater  inherent  irritabiUty,  a 
faster  rate  of  contractile  rhythm,  contain  more  catalase,  give  off  more 
carbon  dioxide  and  are  more  susceptible  to  cyanide  than  lower  regions. 
Allee  (63)  has  determined  similar  facts  with  regard  to  isopods.  In 
these  organisms,  a  number  of  conditions  which  are  known  to  accelerate 
metabolic  rate  were  shown  to  increase  the  positive  rheotactic  response, 
the  susceptibility  to  cyanide,  and  the  carbon  dioxide  production  (64). 

The  idea  has  been  advanced  by  some  workers,  recently  s^ain  by 
B.  L.  Lund  (65),  that  differential  susceptibility  to  cyanide  is  due  to 
diGFerential  permeability.  There  has  never  been  the  slightest  doubt  in 
the  minds  of  either  Professor  Child  or  myself  that  a  relation  exists 
between  permeabiUty  and  susceptibiUty  to  cyanide;  we  have  certain 
ideas  as  to  the  nature  of  this  relation  but  have  not  yet  subjected  them 
to  experimental  proof.  The  explanation  given  by  B.  L.  Lund,  how- 
ever, that  differential  susceptibiUty  is  due  merely  to  an  easier  penetra- 
tion of  cyanide  into  more  permeable  regions,  is  altc^ther  too  simple 
and  quite  untenable  in  the  face  of  the  foUowii^  facts,  a,  The  same 
susceptibility  gradients  appear  in  organisms  killed  with  neutral  red  or 
other  colored  substances  as  in  cyanide.  In  these  cases  the  colored 
substance  can  be  observed  entering  the  cells.  All  cells  or  parts  in 
many  cases  stain  equally  red,  proving  that  the  dye  has  penetrated 
throughout;  nevertheless  death  occurs  as  a  gradient  identical  with  the 
gradient  in  cyanide,  h,  Death  gradients  like  those  in  cyanide  occur 
in  organisms  killed  by  lack  of  oxygen  or  extreme  temperatures,  c.  The 
death  gradient  in  dilute  solutions  of  cyanide  or  other  reagents  is  exactly 
the  reverse  of  that  obtained  in  strong  concentrations,  d,  The  intestine 
of  a  recently  fed  Planaria  is  often  more  susceptible  to  cyanide  than  the 
body  wall;  in  other  words,  the  cyanide  jtassea  through  the  body  waU, 
Uaving  ii  irttact,  and  attacks  the  intestine,  e.  Acids  are  generally 
believed  to  decrease  permeabiUty;  neverthelees,  non-lethal  concentra- 
tions of  acids,  unless  very  dilute,  increase  the  susceptibiUty  to  cyanide. 

In  view  of  the  fact  that  Lund's  experiments  are  the  only  ones  on 
record  in  which  quantitative  measurements  have  failed  to  show  a 
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decrease  in  the  rate  of  oxygen  consumption  in  the  presence  of  cyanide, 
it  is  Deceesary  to  consider  his  material  and  methods.  Both  are  ob- 
jectionable in  several  respects.  In  the  first  place,  Paramecium  is  v^ 
leeistant  to  cyanide;  in  fact,  it  is  the  most  resistant  animal,  except 
Amoeba,  which  we  have  encountered.  It  is  therefore  not  to  be  expected 
that  cyanide  in  concentrations  ordinarily  employed  would  greatly 
affect  the  rate  of  oxygen  consumption.  It  is  therefore  necessary  to 
use  high  concentrations  of  cyanide  to  produce  any  effect,  and  this 
Lund  has  not  done,  since  by  his  method  tlw  Bnimftl"  must  be  exposed 
to  the  cyanide  for  long  periods  of  time,  with  the  result  that  relatively 
dilute  solutions  have  to  be  employed.  In  his  table  3,  where  the 
strongest  solutions  are  employed,  he  happened  to  use  a  particularly 
resistant  lot  of  Paramecia.  It  seems  quite  probable  that  meet  of  the 
concentrations  used  by  Lund  were  too  dilute  to  produce  a  measurable 
effect.  This  ia  further  indicated  by  the  fact  that  in  three  of  the  four 
columns  of  determinations  given,  the  oxygen  consumption  of  Para- 
mecium was  accelerated  in  the  strongest  solutions  used.  Such  accelera- 
tion occurs  only  in  solutions  relatively  dilute  for  the  organism  con- 
cerned, and  it  indicates  that  these  strongest  solutions  are  to  be  regarded 
as  dilute  for  Paramecium,  and  the  others  as  too  dilute  to  produce  any 
effect.  It  is  further  possible  that  the  alkalinity  of  the  cyanide  may 
have  a  stimulating  effect.  The  oxygen  consumption  of  Protosoa  is  so 
slight  that  by  Lund's  method  it  is  necessary  to  inclose  the  organisms 
for  many  hours  in  small  bottles.  While  this  procedure  might  be 
satisfactory  under  normal  conditions,  it  is  certainly  objectionable  wboe 
a  drug  is  present  because  the  initial  effect  of  the  drug  might  be  quite 
the  opposite  of  the  final  effect,  and  the  oxygen  determination  at  the 
end  of  a  number  of  hours  (10  to  51  in  Lund's  experiments)  is  really 
meaningless,  since  it  is  the  average  of  all  of  the  changes  which  have 
ensued  in  the  bottle  diuit^  the  experiment.  Lund  analyses  the  bottles 
with  the  Paramecia  still  inclosed  in  them,  so  that  the  error  due  to  the 
iodine  absorption  by  the  dead  ftnimnlH  is  relatively  lai^.  Thus  in  his 
table  2,  the  error  due  to  iodine  absorption  is  actually  one-fourth  to  one- 
third  of  the  apparent  oxygen  consumption.  Furthermore,  the  iodine 
absorption  ia  measured  only  at  the  beginning  of  the  experiment;  Lund 
does  not  know  what  it  is  at  the  end  of  the  experiment,  that  is,  the 
control  and  the  experimental  bottles  are  not  really  comparable.  Lund 
says  that  Paramecia  do  not  alter  the  iodine  absorption  of  water  but  as 
he  gives  no  reasons  in  support  of  this  statement,  it  must  be  regarded 
as  pure  assmnption.    I  do  not  think  it  is  really  possible  to  determine 
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the  iodine  abBorptioo  in  tbe  presence  of  cyanide  in  bottles  of  different 
oxygen  content,  and  bence  this  source  of  error  which  is  considerable  in 
Lund's  experiments  cannot  be  controlled  by  his  method.  One  would 
further  like  to  know  what  effect  upon  the  oxygen  consumption,  the 
production  of  COt  and  other  metabolic  products  may  have  in  organisms 
respiring  for  hours  in  small  closed  bottles;  and  how  the  increasing 
acidity  of  the  water  may  ^ter  the  equilibrium  conditions  with  cyanide. 
There  is  no  doubt  that  decreasing  the  alkalinity  also  decreases  the 
susceptibility  to  cyanide.  It  is  also  possible  that  acclimation  to 
cyanide  is  involved  in  the  longer  periods  of  exposure.  One  notices 
that  the  animals  respire  relatively  less  in  the  longer  periods  than  in 
the  shorter  ones;  although  this  fact  is  neither  mentioned  nor  explained 
by  Lund,  it  is  presumably  due  to  starvation,  althot^h  it  might  also 
be  due  to  depression  from  the  accumulation  of  metabolic  products 
in  the  water.'  In  fact  there  are  so  many  sources  of  difiBculty  involved 
in  the  method  used  that  the  results  cannot  be  interpreted  with  cer- 
tainty. A  final  great  lack  in  Lund's  experiments  is  that  no  figures  are 
given  anywhere  of  the  normal  rate  of  oxygen  consumption  of  the  same 
lota  of  Paramecia.  In  reference  to  one  table,  Lund  aays  that  the 
average  oxygen  consumption  was  found  to  be  the  same  in  tap  water 
as  in  cyanide  but  more  definite  data  upon  this  point  are  desirable.  It 
seems  to  me  that  it  is  really  essential  in  such  experiments  to  determine 
at  least  once,  preferably  two  or  three  separate  times,  the  normal  rate 
of  oxygen  consumption  of  a  particular  lot  of  animals,  and  then  deter- 
mine the  oxygen  consumption  of  the  same  or  a  comparable  lot  of  ftnimalH 
in  cyanide.  It  is  further  desirable  that  determinations  should  be  made 
with  higher  concentrations  of  cyanide  and  shorter  periods  of  exposure. 
I  do  not  think  one  can  accept  Lund's  conclusion  in  regard  to  table  4, 
that  the  cessation  of  oxygen  consumption  in  cytolysing  solutions  of 
ENC  is  due  entirely  to  the  cytolysis  and  ndt  to  the  cyanide.  We 
have  plenty  of  evidence  that  cytolyaed  and  disrupted  cells  not  only 
use  up  oxygen  but  may  even  use  up  more  oxygen  than  intact  cells 
(owing  to  the  stimulation  of  injury).  Some  of  this  evidence  may  be 
foimd  in  Vernon's  iTitraedlular  Enzymes,  pp.  138ff.  Thus  Batelli  and 
St^m  (52)  and  Harden  and  MacLean  (67)  found  that  a  variety  of 
minced  organs  and  tissues  of  vertebrates  use  up  oxygen  and  give  off 
carbon  dioxide.  Warbuj^'s  experiments  are  of  great  interest.  He 
found  (68)  that  when  the  plasma  membrane  of  red  blood  corpuscles  is 

*  Woodruff  (66)  has  ahown  th&t  the  metabolic  products  excreted  by  Para- 
have  a  depreasiDg  effect  upoD  it. 
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destroyed  by  freezing  and  thawing  or  by  distilled  water,  the  cell  rem- 
nants consume  oxygen  and  give  ofF  carbon  dioxide  at  the  same  rate  aa 
intact  cells  or  often  more  rapidly.  Liver  extracts  containing  no  intact 
cells  also  consume  oxygen  and  give  off  carbon  dioxide  (69).  Unfer- 
tilized sea-urchin  egg^  rubbed  up  with  sand  or  broken  by  shaking  or 
cytolysed  by  diluted  sea  water  still  use  up  nearly  as  much  oxygen  aa 
intact  eggs,  and  by  the  most  favorable  methods  of  preparation  may 
use  even  more  (70).  Suspensions  of  granides  obtained  from  unfer- 
tilized e^s  respire  faster  than  a  corresponding  quantity  of  intact 
unfertilized  eggs.  In  support  of  hia  contention,  Lund  has  quoted 
only  one  reference,  that  to  Warburg's  work  on  fertUited  egp.  If  Lund 
had  read  Warbur^s  original  paper  (70)  instead  of  the  general  paper 
to  which  he  refers,  he  would  have  foimd  that  he  has  misunderstood 
Warburg's  statements.  Warburg's  results  with  fertilized  ^gs  woe 
really  these.  Fertilized  eggs  respire  several  times  faster  than  unfer- 
tiUzed  eggs.  This  additional  oxygen  consumption  due  to  fertilisatioo 
is  lost  when  fertilized  eggs  are  broken  up  by  the  above  methods.  Never- 
theless such  disrupted  fertilized  e^^  respire  as  much  as  or  a  little  more 
than  an  equal  quantity  of  cytolysed  unfertilized  ^gs.  In  other  words, 
it  is  only  the  stimulation  due  to  fertilization  which  is  dependent  uprai 
structure  and  is  lost  upon  cytolysis,  the  basic  metabolism  continuing 
just  the  same.  Lund  is  therefore  left  without  any  support  for  his 
contention  that  oxygen  consumption  ceases  upon  cytolysis,  except  his 
own  experiments  with  high  oxygen  pressure.  It  is,  however,  mani- 
festly unfair  to  use  oxygen  as  a  cytolysii^  agent  in  order  to  prove  that 
oxygen  consumption  ceases  upon  cytolysis.  In  the  absence  of  further 
facts  with  r^ard  to  the  effect  of  cytolysis  upon  oxygen  consumption 
in  Paramecium  and  in  consideration  of  the  facts  quoted  above  with 
regard  to  other  material,  one  may  conclude  that  the  fwlure  of  Para- 
mecium to  respire  after  cytolysis  by  cyanide  is  due  in  part  at  least  to 
the  action  of  the  cyanide,  and  constitutes  an  indirect  proof  that  cyanide 
decreases  the  rate  of  oxygen  consumption  in  Paramecium.  It  is  mani- 
festly ridiculous  for  anyone  to  maintain  that  fragments  of  protozoal 
cells  do  not  respire,  since  such  fragments  swim  about  for  a  long  time 
and  retain  contractile  power. 


The  present  experiments  were  performed  upon  PUmaria  dorolo- 
cepkala,  a  turbellarian  flatworm  common  in  certain  spring-fed  pools 
near  Chicago.     Large  numbers  of  these  animals  are  kept  on  hand  in 
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the  laboratory  in  covered  diefa  pans.  They  are  fed  three  times  a  week 
on  Uver.  As  the  city  water  is  chlorinated  and  has  been  found  injurious 
to  organisms,  we  use  only  well  water  for  all  stock  cultures  and  experi- 
ments. This  water  is  obtained  from  a  well  sunk  in  the  basement  of 
the  zodlogy  building.  It  is  practically  oxygen-free,  except  when  the 
pump  sucks  a  little  air  in,  and  oxygen  is  therefore  added  to  it  by  run- 
ning it  through  a  simple  aerating  device.  This  brings  the  oxygen 
content  up  to  about  3  cc.  per  liter.  For  my  experiments  I  have  still 
further  aerated  it  by  shaking  it  in  a  large  bottle,  obtainii^  by  this 
means  an  oxygen  content  of  5  cc.  or  more  per  liter. 

The  apparatus  used  was  simple  and  similar  to  that  employed  in 
my  previous  experiments  along  this  line.  A  1000  cc.  Erlemneyer 
flask  was  provided  with  a  tightly  fitting  rubber  stopper  perforated  with 
three  holes.  Through  one  of  these  holes  was  inserted  a  glass  tube 
reaching  to  the  bottom  of  the  flask  through  which  water  was  siphoned 
in;  throu^  another  a  similar  tube  also  reaching  to  the  bottom  through 
which  water  was  siphoned  out;  and  the  third  hole  was  used  to  admit 
air  during  the  siphoning,  being  closed  at  other  times  by  a  short  glass 
rod.  Screw  clamps  on  rubber  tubing  inserts  were  provided  at  neces- 
sary places.  The  exit  tube  was  bent  over  and  extended  several  inches 
below  the  bottom  of  the  flask.  This  apparatus  can  be  made  air-tight 
without  the  slightest  difficulty,  as  proved  by  the  facts  that  no  water 
would  siphon  out  of  it  when  all  other  exits  were  closed  as  in  the  experi- 
ments, and  if  it  was  filled  full  of  warm  water,  all  exits  closed,  and 
allowed  to  cool,  the  flask  would  break  as  soon  as  the  temperature  had 
fallen  two  or  three  degrees,  owing  to  the  contraction  of  the  water. 

For  each  experiment  two  or  three  hundred  worms  were  used.  These 
were  selected  at  random  from  the  general  stock  and  their  heads  cut  off 
at  least  several  hours  before  they  were  to  be  used.  Such  decapitated 
worms  remain  absolutely  quiet,  if  they  are  shaded  from  direct  light, 
throughout  the  course  of  an  experiment.  There  is  therefore  no  possi- 
bility that  differences  in  motor  activity  are  involved  in  the  results. 
No  difference  can  be  observed  in  the  behavior  of  these  worms  in  normal 
and  cyanide-containing  water.^    Each  lot  of  worms  prepared  in  this 

'  Animali  which  hare  been  exposed  to  high  conceotratioas,  as  1/2000,  show  on 
stimulation  a  decreased  ability  to  respond,  and  are  not  as  successful  io  clingiaK 
to  the  substratum  as  the  normal  worm.  These  effects  disappear  shortly  on  return 
to  water,  and  are  not  observable  in  concentrations  such  as  1/25000  which  lower 
the  oxygen  consumption  to  a  considerable  degree.  The  action  of  cyanide  on  the 
irritability  of  oi^anisms  is  a  separate  problem,  which  I  shall  shortly  undertake. 
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maimer  was  used  in  several  different  experiments,  being  allowed  to 
recover  in  water  between  successive  experiments.  It  was  thus  known 
that  the  animalg  recovered  completely  and  regained  their  former  rate 
of  oi^gen  consumption  after  exposure  to  cyanide. 

The  procedure  in  each  experiment  was  as  follows :  Several  liters  of 
shaken  well  water  were  poured  into  a  large  elevated  receptacle.  The 
worms  were  put  into  the  Erlenmeyer  flask.  To  prevent  them  from 
being  carried  up  the  exit  tube  a  piece  of  well-washed  cheesecloth  was 
tied  over  its  end.  Water  was  siphoned  from  the  receptacle  into  the 
flask,  allowing  the  latter  to  overflow  for  some  time  so  that  the  worms, 
the  flask  and  all  of  the  tubes  were  thoroughly  washed.  At  the  same 
time  a  sample  of  the  same  water  was  collected  from  the  receptacle  in 
the  same  manner  into  a  250  cc.  narrow-mouthed  bottle  with  ground 
glass  stopper  to  serve  as  control.  All  openings  to  the  flask  were  then 
closed  and  it  and  the  control  bottle  were  placed  in  a  large  pan  of  water 
kept  constant  to  0.5  of  a  degree,  and  regulated  to  the  same  temperature 
as  the  water  in  the  flask.  After  one  hour  the  flask  was  taken  out  and 
shaken  thoroughly  to  insiu«  an  even  distribution  of  its  oxygen  content. 
Water  was  then  siphoned  from  it  into  a  250  cc.  narrow-mouthed  bottle, 
allowing  this  to  run  over  for  some  time  so  as  to  obtain  a  sample  which 
bad  not  come  in  contact  with  air.  This  sample  and  the  control  sample 
were  than  analyzed  for  oi^gen  content,  the  difference  between  them 
being,  of  course,  the  amount  of  oxygen  consumed  by  the  worms. 

This  procedure  was  repeated  twice  with  normal  water,  so  that  three 
separate  determinations  of  the  normal  rate  of  oxygen  consumption  of 
the  same  lot  of  worms  were  obtained.  The  desired  amount  of  cyanide 
was  then  added  to  the  water  in  the  receptacle  (which  was  of  course 
refilled  for  each  hour  determination)  and  three  more  separate  successive 
hour  measurements  were  made  of  the  rate  of  oxygen  consumption  of 
the  same  worms  in  the  presence  of  cyanide. 

The  potassium  cyanide  was  weighed  out  fresh  for  each  hour  detenni- 
nation.  In  the  case  of  the  very  dilute  solutions,  where  the  amount  of 
cyanide  to  be  we^hed  was  bo  small  that  absorption  of  water  during 
the  weighing  might  introduce  a  considerable  error,  stronger  solutions 
were  made  (fresh  each  time),  and  the  necessary  amount  of  t^ese 
stroi^r  solutions  was  poured  into  the  receptacle.  As  both  control 
and  experimental  water  comes  from  the  same  receptacle,  they  are 
identical  in  composition,  the  control  always  containing  cyanide  and  the 
same  amount  of  cyanide  when  the  experimental  water  contains  it.  It 
is  quite  essential  that  the  control  water  contain  the  same  amount  of 
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cyanide  as  the  experimeotal  water,  since  cyanide  affecte  the  method  of 
oxygen  analysis. 

It  might  be  suppoeed  that  by  this  method  oxygen  might  enter  the 
water  during  the  taking  of  the  sample,  since  it  is  neceesary  to  adroit 
atmospheric  air  into  the  flasks  during  the  siphonit^.  I  have  found  by 
test,  however,  that  this  is  not  the  case  and  that  there  is  not  the  slightest 
error  due  to  this  circumstance.  I  have  made  triplicate  analyses  of  the 
same  water,  two  of  the  three  samples  being  collected  by  passage  throi^h 
the  same  Erlemneyer  flasks  used  in  the  experiments,  and  the  third 
sample  taken  directly  into  the  250  cc.  bottle.  The  water  used  in  these 
tests  always  contained  less  oxygen,  often  very  much  less,  than  the 
water  encountered  in  the  experiments,  including  that  in  which  worms 
had  been  respiring.  The  analyses  of  such  triplicate  samples  showed 
that  they  contained  the  same  quantities  of  oxygen,  within  0.01  to 
0.04  cc.  of  oxygen  per  liter,  except  in  the  water  with  exceedingly  low 
oxygen  content  where  the  variation  in  the  three  samples  ranges  to 
0.00  cc.  per  Uter.  But  even  this  variation  cannot  be  regarded  as  due 
to  the  process  of  siphoning  but  rather  to  the  general  manipulation, 
since  in  each  of  the  two  tests  conducted  with  very  low  oxygen  water, 
one  of  the  siphoned  samples  is  as  close  to  the  direct  sample  as  in  the 
cases  where  water  of  higher  oxygen  content  was  used.  It  may  there- 
fore be  safely  said  that  no  oxygen  is  absorbed  by  water  having  an 
oxygen  content  below  that  corresponding  to  a  state  of  equilibrium  with 
the  air  by  siphoning  it  with  admission  of  air.  The  data  of  these  tests 
are  given  is  the  accompanying  table  1,  which  includes  all  of  the  tests 
made.  The  method  may  therefore  be  regarded  as  perfectly  adequate 
for  the  purpose.  In  the  early  part  of  the  work  I  used  an  Erlenmeyer 
flask  for  control  and  collected  the  control  sample  from  it  in  the  same 
manner  as  the  experimental  sample  was  collected,  but  as  these  tests 
showed  that  such  a  procedure  is  unnecessary,  the  control  sample  was 
thereafter  collected  directly  into  the  bottle  in  which  the  analysis  was 
carried  out. 

The  samples  of  water  collected  in  this  manner  were  analyzed  by 
Winkler's  method,  following  the  procedure  given  by  Birge  and  Juday 
(71).  The  1/100  normal  solutions  recommended  by  them  certainly 
permit  of  greater  accuracy  than  the  1/40  normal  solutions  commonly 
in  use.  I  have  also  found  the  suggestions  of  McClendon  (72)  helpful. 
The  thiosulphate  was  kept-  in  a  large  darkened  bottle,  provided  with 
a  Boda4ime  tube  to  keep  out  carbon  dioxide  and  fed  by  siphon  into  a 
burette  provided  with  a  side  arm.    It  was  standardized  at  intervals 
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with  permanganate  as  described  in  my  first  paper  (1).  Aa  a  matter 
of  fact,  however,  the  actual  normality  of  the  thiosulphate  solution  is 
of  Uttle  consequence  provided  it  does  not  change  appreciably  during 
the  titration  of  all  of  the  samples  from  one  experiment.*  In  most  oi 
the  experimenta,  all  of  the  samples  were  analyzed  within  a  few  hours 
of  each  other,  but  in  some,  owing  to  the  shortness  of  the  days,  some 
of  the  samples  had  to  be  left  until  the  next  day  to  be  titrated.  As 
Bii^  and  Juday  noted,  such  delay  introduces  no  error  into  the 
titration. 

The  Winkler  method  depends  upon  the  setting  free  of  iodine.  If 
anythii^  is  present  in  the  water  which  takes  up  iodine,  an  error  will 
consequently  be  introduced  into  the  results.    Do  Flanarians  add  any 


Teita  of  the  accuracy  of  the  apparalu*;  analyses  in  ti 
two  lampht  haring  betn  pOMed  tkroufh  the  apparatu. 
the  third  sample  taken  directly 


iplicale  of  the  same  water, 
a»  in  Ike  experiments,  and 


OryfOD  oontaDt.  nublD  OB 


Slightly  aerated  well  water. . 
Slightly  aerated  well  water.. 

Standing  well  water 

Standing  well  W8t«r 

Standing  well  water,  stirred 

Unaerated  well  water 

Unaerated  well  water 


3,95 
4,H 

0.57 
0.51 


1.30 
1.04 
4,07 


0.S9 


iodine-absorbii^  material  to  the  water?  This  can  be  detenuined  quite 
simply  as  follows:  Two  hundred  and  fifty  cubic  centimeters  of  the 
water  to  be  tested  are  acidified  with  about  )  cc.  of  concentrated  hydro- 
chloric acid,  a  known  amount  of  N/100  iodine  run  into  it  from  a  burette, 
and  the  water  then  titrated  with  thiosulphate.  The  difference  between 
the  amount  of  iodine  added  and  the  amoimt  recovered  represents  the 
amount  of  iodine  absorbed.  In  this  way  I  have  found  that  the  well 
water  contains  some  iodine-absorbing  material  as  compared  with  dis- 
tilled water  blanks,  but  that  well  water  which  has  contained  worms 
for  one  hour  has  less  iodine-absorbing  poorer  than  the  ordinary  well 

*  Thiosulphate  solutions  to  which  NsOH  has  been  added  as  suggested  by 
Birge  and  Juday  show  practically  no  deterioration. 
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water.  That  is  to  say,  the  oxygen  consumption  of  the  worms  is 
actually  a  little  greater  than  appears  from  the  analysis  since  in  the 
experimental  bottles  less  iodine  is  absorbed  than  in  the  control  bottles. 
I  have  not  made  this  correction,  since  it  was  somewhat  variable,  and 
I  thought  it  not  worth  while  to  undertake  the  great  amount  of  extra 
labor  which  would  have  been  required  to  determine  its  amount  for 
every  sample.  The  amount  of  this  correction  waa  not  large  enough 
to  be  of  any  consequence  for  the  general  conclusion  to  be  drawn  from 
the  experiments. 

As  I  have  already  pointed  out,  cyanide  has  marled  iodine-absorbing 
power.  If  the  above  procedure  is  repeated  with  water  containing 
cyanide,  it  will  be  noticed  at  once  that  as  the  iodine  is  run  into  the 
solution  the  color  fades  out  to  some  extent.  If  such  solutions  are 
titrated  with  thiosulphate,  it  will  be  found  that  it  is  almost  impossible 
to  come  to  an  end  point,  indicating  that  a  condition  of  changing 
equilibrium  exists  between  the  various  substances  present  in  the 
solution.  Since  there  is  no  di£Bculty  in  determining  the  end  point  by 
Winkler's  method  in  solutions  containing  cyanide,  it  is  evident  that 
during  the  time  occupied  in  performing  Winkler's  analysis,  a  condition 
of  static  equilibrium  is  reached.  I  have  not  been  able  to  devise  any 
way  of  finding  out  what  the  iodine  absorption  in  cyanide-containing 
water  really  is.  Since,  however,  in  my  experiments,  the  control  water 
always  contains  t^ranide  when  the  experimental  water  does,  and  this 
is  an  absolutely  essential  point,  the  error  due  to  absorption  of  iodine 
by  cyanide  may  be  regarded  as  eliminated.  There  remains  still  the 
poseibility  that  the  effect  of  the  worms  on  the  iodine-absorbing  power 
of  the  water  may  be  different  in  cyanide  than  in  nonnal  water.  Such 
evidence  as  I  have  been  able  to  obtain  upon  this  point  indicates  that 
in  cyanide  also  the  worms  reduce  the  iodine  absorption  of  the  well 
water.  It  is  therefore  likely  that  all  of  the  figures  of  the  oxygen  con- 
sumption of  the  worms  are  a  little  too  low.  The  results  are,  however,  so 
very  consistent,  definite  and  striking  that  tt  cannot  be  supposed  that 
these  small  sources  of  error  could  in  the  least  alter  the  conclu^on  to 
which  they  lead. 

EXPEBIHENTAL  RESULTS 

The  results  of  my  experiments  are  recorded  in  the  accompanying 
tables.  These  experiments  have  not  been  selected  for  presentation  but 
they  represent  all  that  I  performed  with  two  or  three  exceptions  where 


Dignzedoy  Google 


364  L.  B.  HTMAN 

accidental  difficulties  aroae.  In  every  experiment  which  I  carried  out, 
the  result  was  perfectly  clear-cut.  There  were  no  exceptions.  In  all 
the  oxygen  conBumption  was  decreased,  the  amount  depending  upon 
the  concentration  of  the  cyanide.  Ab  ah-eady  stated,  ea«h  experiment, 
except  in  one  or  two  cases,  consists  of  six  on&4iour  measurements  of 
the  oxygen  consumption,  the  first  three  in  normal  wat«r,  the  second 
three  in  cyanide-containing  water,  all  six  being  performed  on  the 
same  worms  which  remain  in  the  flask  throughout  the  experiment.  To 
save  time,  two  lots  of  worms  have  generally  been  run  with  one  control. 
The  six  figures  of  the  oxygen  consumption  of  a  lot  of  wonns  are  given 
in  the  vertical  columns  in  the  tables.  Each  figure  represents,  of 
course,  the  difference  between  the  oxygen  content  of  the  control  bottle 
and  the  oxygen  content  of  the  sample  drawn  from  the  experimental 
bottle.  Several  times  samples  were  lost  (and  if  this  happened  to  be 
the  control  bottle,  two  determinations  were  lost  thereby),  through 
accidents  of  one  kind  and  another;  such  loss  is  indicated  by  a  blank  in 
the  table.  In  connection  with  the  most  dilute  solutions,  I  measured 
the  oxygen  consumption  during  the  first  half-^our  and  second  half- 
hour  in  cyanide  instead  of  duiiug  the  first  hour,  in  order  to  discover 
whether  or  not  there  is  any  initial  stimulating  action  of  the  cyanide. 
In  connection  with  each  concentration,  some  figures  of  the  resiHration 
after  recovery  are  given.  Althou^  it  was  known  that  recovery  always 
occurred  since  the  same  lot  of  worms  was  used  several  timee,  in  fact 
until  the  animftla  had  regenerated  sufficiently  to  cause  them  to  move 
about,  the  exact  figures  were  not  always  usable  because  Bucceasive 
experiments  were  often  performed  at  different  temperatures,  and 
because  two  Iot«  of  worms  were  ^ways  in  use  simultaneously  and  I 
did  not  always  note  from  which  of  the  two  lots  a  particular  set  oi 
figures  was  obtained.  Recovery  from  the  higher  concentrations  re- 
quired more  than  24  hours,  with  several  washings,  but  occurred  in  leas 
than  24  hours  from  the  low  concentrations.  A  shght  decrease  in 
oxygen  consumption  in  a  lot  of  worms  kept  several  days  without 
feeding  will  of  course  occur  on  account  of  starvation ;  for  this  reason 
the  oxygen  consumption  after  recovery  must  be  expected  to  be  shghtly 
less  than  it  was  during  the  original  experiment.  This  is  quite  evident 
when  the  oxygen  consumption  is  determined  more  than  48  hours 
afterwards.  In  the  first  two  or  three  experiments  the  temperature 
was  not  kept  constant,  accounting  for  a  larger  variation  in  successive 
determinations  in  those  experiments,  but  with  these  exceptions,  the  tem- 
perature varied  less  than  0.5°  throughout  the  course  of  the  experiment. 
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Extended  comment  upon  the  data  given  in  the  tables  ia  unneceeaaiy. 
In  all  cases,  the  oxygen  consumption  is  decreased  in  the  presence  of 
cyanide.    This  decrease  ranges  from  80  to  90  per  cent  of  the  normal 

TABLE  I 

ExparimenU  vtilk  I/IOOO  mol.  ENC 


nn....  »  .«».»._ 

•• 

«»...«.. 

»• 

0.34 
0.33 
0.38 
0.04 
89 

First  hour  KNC* 

008 

*  It  isnotpoMible  to  expose  the  wonns  to  1/1000  mol.  solutions  for  more  thsn 
le  hour,  as  they  disintegrato  in  two  or  three  hours  in  solutioiu  of  this  etreDgth. 

TABLES 

Experimtnl*  with  l/KOO  mol.  KNC 


First  hour  normal 

Secood  hour  Dom&l , . 
Third  hour  normal . . . . 

First  hour  KNC 

Second  hour  KNC,,., 
Third  hour  KNC 


Per  cent  decrease. . 


*  Recovery  figures  are  the  average  of  three  determinations. 

in  the  highest  concentrations  to  5  to  15  per  cent  in  the  lowest.  In 
general  the  dilute  solutions  are  relatively  more  effective.  Thus,  tbero 
is  little  difference  in  the  action  of  1/1000,  1/2000  and  1/5000  mol. 
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solutiona,  while  the  1/25,000  and  1/50,000  solutions  are  much  more 
"efFective  than  would  be  expected.    With  the  highest  solutions,  the 

TABLE « 

Experiments  with  l/SOOO  mil.  KNC 


■tant 

^ 

4a 

4b 
W 

11a 

12b 

"* 

2th 

ai- 

!«a 
11- 

11- 

0.49 
0-43 
0.58 
0.17 
0.21 
0.10 

D.41 
0.34 
0.44 
0.11 
0,17 
0,08 

0.30 
0.33 
0.29 
0,06 
0.03 
0,09 

0,35 
0.34 
0.29 
0.06 
0.03 
0,09 

0,360  43 

0,380,37 
0.420,45 

0,16  0,08 

0,05  0,06 

0.730.62 
0.860.76 
0.660.58 
0.19  0.19 
0.13  0.09 
0. 110,10 

0.71 
0.88 
0.83 
0.14 
0.13 

84 

n  fifl 

Third  hour  normal 

0.85 

Third  hour  KNC 

6S 

68 

79 

82 

70 

84 

86 

81 

77 

After            After            After 
48  hours        4d«}*        48Iiaiin 

TABLES 

ExperimenU  with  1/10000  mol.  KNC 


ta 

<b 

Tm 

Tb 

11* 

lib 

2ta 

S3" 

23* 

«■ 

O-y^t.  oonaumeJ.  cubic  c-otimeter.  per  hour 

0.57 
0.43 
0.53 
0.13 
0.10 
0,13 

77 

0.61 
0,45 
0-48 
0  13 
0  11 
0.10 

78 

0,33 
0,31 

0O9 
0,07 

0-37 
0-30 

0.13 
0.08 

0,09 

0,44 

0,38 
0-38 
0,15 
0-11 
0-09 

71 

..3t 
0.38 
0.43 

•: 

70 

0,76 
0.76 
0,87 
0,29 
0-17 
0,21 

72 

rt  81 

First  hour  KNC 

0.28 

75 

69 

34W„ 
0.39k). 41 

cyanide  produces  its  effect  bo  rapidly  that  the  respiration  is  decreased 
to  its  maximum  extent  by  the  end  of  the  first  hour  exposure.  In  the 
dilute  solutions,  however,  some  little  time  is  required  for  the  depression 
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to  reach  its  maximum  value.  This  appears  in  tables  9  and  10,  where 
the  oicygen  consumption  during  the  first  half  hour  in  cyanide  shows 
no  depression.     In  fact,  in  some  of  these  experiments,  35a,  35b,  table  9, 


ExperintinU  mJA  I/ISOOO  mol. 

KNC 

s> 

8b 

10> 

10b 

■to 

... 

THPIRATCBt 

23- 

23- 

M- 

M- 

2J. 

M" 

. 

Firat  hour  nonral 

Second  hour  normal 

Third  hour  normsl 

0.40 
0.36 
9.38 
».13 
0.14 
0.12 

0.51 
0.46 
0.46 
0.26 
0.20 
0,21 

55 

0,35 

0.42 

0,22 
0,20 

47 

0-32 
0.27 

0.32 

0,14 

0,14 

55 

0.500,490,67 
0,460.420.80 
0.440. 460. 70 
0.210.240.41 
0  210.240.38 
0,210,250,45 

55     57     56 

0.74 
0.79 
0.79 

66 

' 

Ktxa 

Aftar 

TABLET 

BxperimenU  miih  l/SOOOO  mol.  KNC 


HDHBIBoriXPiaiUIHT 

>. 

•b 

19m 

lib 

17a 

17b 

^ 

22- 

M" 

M- 

«• 

a' 

. 

First  hour  normal 

0,44 
0.44 
0.44 
0,27 
0,24 
0,27 

42 

0.33 

0,33 
0.32 
0.22 
0.17 
0.21 

0.37 
0,41 
0.41 
0,26 
0.25 
0.24 

.3, 

0.43 
0,42 
0.25 
0,26 
0.23 

0,42 
0,44 
0,43 
0,31 
0,32 
0,34 

0,44 
0,45 

0,43 
0,34 
0,35 
0.34 

0.74 
0-78 
0.78 
0,50 
0.46 
0.40 

41 

0.66 
0  R1 

Third  hour  normal 

First  hour  KNC...                                    .     . 

0.79 

0  54 

Second  hour  KNC 

Third  hour  KNC 

0.48 
0.40 

39 

37 

41 

25 

20 

Jcbyl 

Kboun 

IBhoura 

and  2Ia,  table  10,  there  are  evidences  of  an  acceleration  of  the  rate  of 
oxygen  consumption  during  the  first  half-hour  in  cyanide.  However, 
more  experiments  with  these  very  dilute  solutions  would  be  required 
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to  establish  this  point.  Apparently  the  action  of  the  cyanide  is  con- 
stant, that  is,  the  respiration  soon  drops  to  a  certain  figure  and  stays 
there  as  long  as  the  same  concentration  of  cyanide  is  present.    There 

TABLES 

ExperitMnft  with  1/100000  mol.  KNC 


Ite 

lib 

ISa 

19b 

I3b 

ii> 
Ji* 

lib 

lU 

w 

«- 

M* 

W 

0.43 
0.48 
0.41 

0.37 
0.34 
0.32 

0,42 

0.46 
0,37 
0.38 
0.36 
0.34 

0.37 
0,39 
0.38 
0.37 
0.29 
0.33 

0.3G 
0.40 
0.35 

0.36 
0.27 
0.20 

0,250.27 
0.320,30 
0,270.29 
0,230,24 
0,230,20 
0.220  21 

0-63 

0,67 
0,67 
0.54 

SJ 

20 

0,81  0.5& 
0.800.65 
0,74  0.57 
0,620.60 
0,580.40 
0,58  0.43 

Secoad  hour  nonn&l 

Third  hour  normal 

Finit  hour  KNC 

Second  hour  KNC 

0,«7 
0.7O 
0.69 
0,40 

21 

14 

13 

17 

20 

24 

25 

27 

Recv. 

3<U)n       at-xin 

0,59|0.68{o,56|0.64 

TABLES 

ExperinunU  mith  l/tSOOOO  mtd.  KNC 


H> 

Ub 
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W.S' 
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0,54 
0,57 
0.49 
0,27 
0.24 
0.43 
0.41 

0.54 
0.56 
0.49 
0.27 
0.24 
0.42 
0.42 

0.54 
0.55 
0.58 
0.38 
0.29 
0.47 
0.42 

Second  half-hour  KNC 

16 

IS 

15 

Hboun 

lib 
0.52 

is  no  GumulatiTe  effect  of  the  cyanide.  However,  one  would  have  to 
carry  on  the  experiments  longer  than  three  hours  to  establish  this 
point  with  certainty.     It  may  again  be  emphasized  that  the  decreased 
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o^^gen  consumption  in  cyanide  is  in  no  way  related  to  muscular  or 
ciliary  activity,  since  the  animals  are  perfectly  quiet  and  motionless 
throughout  the  course  of  the  experimeDts. 

In  a  paper  which  accompanies  this  one.  Child  gives  the  results  of  his 
determinations  of  the  carbon  dioxide  output  of  Planarians  which  have 
been  exposed  to  cyanide.  The  carbon  dioxide  production  was  de- 
creased after  exposure  to  cyanide.  That  cyanide  decreases  the  respira- 
tory exchange  in  Flanaria  must  therefore  be  regarded  as  an  established 
fact,  and  conclusions  which  have  been  drawn  by  workers  in  this 
laboratory  through  the  use  of  cyanide  as  a  depressing  agent  thereby 
receive  support  of  the  most  convincing  kind. 


TABLE  10 

ExperimeaU,  mtk  1/100000  mot.  KNC 
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If 

30.8- 
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0.30 
0.34 
0.29 
0.18 
0.13 
0.29 
0-29 

0.35 
0.34 
0.32 
0.17 
0,13 
0.28 
0.30 

0.48 
0.51 
0.56 
0.26 
0.26 
0.40 
0.43 

5 

13 

15 

Mhdon 

SUHUABT 

1.  An  extensive  review  of  the  literature  on  the  chemical,  physio- 
logical and  pharmacological  action  of  the  cyanides  is  given.  All  of 
this  literature  supports  the  generally  accepted  opinion  that  the  cya- 
nides depress  physioli^cal  processes  in  general,  and  rate  of  oxygen 
consumption  in  particular. 

2.  A  large  number  of  experiments  are  presented  which  prove  that  the 
oxy^n  consumption  of  Planaria  is  decreased  in  the  presence  of  potas- 
sium cyanide.  The  amount  of  decrease  depends  upon  the  concentra- 
tion of  the  cyanide,  ranging  from  80  to  90  per  cent  in  1/2000  mol. 
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KNC  to  5  U)  15  per  cent  in  1/200,000  mol.  solutions.  The  decrease 
is  independent  of  muscular  or  ciliary  activity.  It  is  entirely  reverdble, 
the  animals  being  wholly  uninjured  by  the  cyanide  and  returning  to 
their  normal  rate  of  oxygen  consumption  when  the  cyanide  is  washed 
out  of  them, 

3.  Conclusions  drawn  by  workers  in  this  laboratory  from  experi- 
ments on  Planaria  in  which  cyanide  was  used  as  a  depressing  agent  and 
in  which  the  results  were  interpreted  on  the  basis  that  cyanide  is  a 
general  protoplasmic  depressant,  therefore  receive  convincing  support. 
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THE  EFFEC3T  OF  CYANIDES  ON  CARBON  DIOXIDE  PRO- 
DUCTION AND  ON  SUSCEPTIBILITY  TO  LACK  OF  OXYGEN 
IN  PLAN  ARIA  DOROTOCEPHALA 
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SDBCEPTIBILITr   IN   BELA.TION  TO   PHTBIOLOQICAL  CONDITION 

The  foUowJBg  study  of  carbon  dioxide  production  and  susceptibility 
to  lack  of  oxygen  in  the  fiatworm,  Planaria  dorotocephala,  as  influeoced 
by  cyanides  is  presented  as  a  contribution  to  the  problem  of  the  relation 
between  susceptibility  and  physiological  or  metaboUc  condition.  Ex- 
tensive studies  on  susceptibility  to  cyanides  and  to  many  other  f^nts, 
including  various  anesthetics,  acids,  alkalies,  salts,  several  alkaloids, 
"vital"  dyes,  HjOi  and  certain  physical  conditions  such  as  lack  of 
oxygen  and  ^gh  and  low  temperatures,  have  been  made  on  a  great 
variety  of  organisms,  including  algae  (11),  (13),  (14),  protozoa  (3), 
(19),  Platiaria  (2),  (4),  (5),  (7)  and  various  other  flatworms,  develop- 
mental stages  of  starfish  and  sea-urctiin  (6),  (9),  (12)  and  annelids  (16), 
(17)  and  data  not  yet  published  on  various  species  of  coelenterates, 
fiatworms,  echinoderms,  arthropods  and  vertebrates.  These  studies 
on  susceptibility  have  consisted  in  determining  the  survival  time  or 
the  degree  of  inhibition  of  developmental  or  other  processes  in  Eiigher 
coDcentratioDS  and  the  ability  to  become  acclimated  or  acquire  toler- 
ance in  lower  concentrations,  in  relation  to  region  of  body  (2),  (3), 
(6).  (8),  (9),  (U),  (12),  (13),  (14),  (16),  (17),  (19),  physiological  a«e 
and  nutritive  condition  (4),  (7),  stimulation  by  various  means  (5),  and 
the  direction  of  functional  conduction  of  stimuli  (IS^.  The  existence  of 
definite  graded  differences  in  susceptibility  in  relation  to  the  physio- 
logical body-axes  has  been  demonstrated  for  all  axiate  organisms 
examined,  and  it  has  been  found  that  these  susceptibility  gradients 
correspond  to  characteristic  differences  in  rate  of  development  along 
an  axis,  and  a  corresponding  gradient  in  protoplasmic  structure  is  also 
very  generally  present  in  early  developmental  stages  (8).    These  axial 
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susceptibility  gradients  also  afford  a  basis  for  extensive  control  and 
modification  of  form  and  proportion  in  ontc^ny  (12),  (16)  and  regu- 
lation (10),  since  the  graded  difference  in  susceptibility  along  an  axis 
makes  possible  a  graded  inhibition,  acceleration,  acclimation  or  re- 
covery  along  that  axis.  The  experimental  data  already  obtained 
constitute  a  rational  physiological  basis  for  the  mterpretation  of  many 
forms  of  teratological  development. 

In  an  earlier  paper  Dr.  L.  H.  Hyman  (17)  si^gested  that  a  relation 
between  the  differences  in  electric  potential  which  give  rise  to  the 
bio-electric  currents  and  the  differences  in  susceptibility  exists  and 
recently  Doctor  Hyman  and  Mr.  A.  W.  Bellamy  have  been  able 
to  show  in  this  laboratory  not  only  that  this  relation  between  regional 
differences  in  susceptibility  and  in  electric  potentifd  actually  does  exist, 
but  also  that  there  is  a  relation  between  the  chief  susceptibility  gradients 
and  the  galvanotactic  reaction  of  animals,  orientation  occurring  with 
the  region  or  regions  of  highest  susceptibility  toward  the  cathode. 
The  region  of  highest  susceptibility  is  electro-negative  through  the 
galvanometer  to  regions  of  lower  susceptibility,  i.e-,  the  region  of 
highest  susceptibility  is  electro-positive  internally  to  other  regions  and 
in  galvanotactic  orientation  this  region  is  directed  toward  the  cathode. 
Except  for  a  brief  article  by  Doctor  Hyman  in  Science  (27),  these  data 
on  the  relation  between  susceptibility  gradients,  galvanotaxis  and 
bio-electric  currents  are  as  yet  unpublished. 

Certain  minor  differences  appear  in  the  susceptibility  relations 
between  different  body-regions  or  organs,  as  determined  by  different 
agents  or  conditions,  particularly  in  the  later  stages  of  development  of 
the  higher  animals,  where  differentiation  of  different  oi^ns  is  rela- 
tively great.  The  important  fact,  however,  is  the  very  high  degree 
of  uniformity  in  susceptibility  relations,  particularly  in  the  earlier 
stages  of  development  and  in  the  lower  oi^nisms,  both  plant  and 
animal,  to  certain  rai^s  of  concentration  or  intensity  of  a  great 
variety  of  agents.  This  fact  indicates  that  the  susceptibility  of  pro- 
toplasm to  the  action  of  externa)  agents  within  certain  limits  of  con- 
centration or  intensity  is  primarily  an  expression  of  some  very 
fundamental  factor  in  physiological  condition. 

It  has  been  suggested  by  some  that  susceptibility  depends  merely 
on  permeability  of  membrane  and  that  the  apparent  differences  in 
susceptibility  are  simply  differences  in  permeability  to  the  agents 
employed.  While  there  can  be  no  doubt  that  permeability  is  a  factor 
in  determining  the  relation  between  protoplasm  and  its  environment, 
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permeability  alone  will  not  serve  to  account  for  the  facts  of  sus- 
ceptibility. In  the  first  place,  the  regions  of  the  body  which  are  most 
susceptible  to  high  concentrations  or  intensities  are  likewise  able  to 
acclimat«  or  acquire  tolerance  most  rapidly  and  most  completely  to  a 
certain  range  of  low  concentrations  or  intensities  (1),  (2),  (7,  chap,  iii), 
(12),  i.e,  not  merely  the  penetration  of  the  agent  but  the  physiologicai 
activity  of  the  living  protoplasm  is  concerned  in  susceptibility.  Second, 
the  susceptibility  relations,  e.g.,  along  an  axis,  to  certain  extreme 
temperatures  and  to  lack  of  oxygen  are  the  same  as  the  susceptibility 
relations  to  chemical  agents  in  certain  concentrations.  In  the  case  of 
temperature  and  lack  of  oxygen  the  effect  is  obviously  not  a  matter  of 
penetration  of  a  chemical  substance  through  a  membrane.  And  finally, 
it  must  be  remembered  that  permeability  of  the  plasma  membrane  itself 
is  not  a  fixed  condition  established  independently  of  other  conditions 
in  protoplasm,  but  changes  with  changes  in  protoplasmic  conditions. 
It  is  becoming  more  and  more  evident  that  the  plasma  membrane 
consists  of  living  protoplasm,  and  much  recent  work  on  permeability 
emphasizes  the  importance  of  chemical  reaction  in  relation  to  per- 
meability. (See  for  example  (20,  p.  443);  (21,  p.  368);  (22,  p.  366); 
(23)). 

The  high  degree  of  uuifonnity  and  the  absence  of  specificity  in  the 
general  susceptibility  relations  to  a  great  variety  of  agents,  includii^ 
cyanides,  alcohol,  ether,  various  urethanes,  salts,  acids,  alkalies, 
alkaloids,  vital  dyes,  temperature  and  lack  of  oxygen  within  certain 
limits  of  toxic  concentration  appears  in  various  ways.  For  example 
the  general  susceptibility  gradients  along  the  body  axes  of  the  indi- 
vidual, as  indicated  either  by  the  progress  of  death  in  lethal  con- 
centrations, by  the  degree  and  rapidity  of  acclimation  or  recovery  in 
or  after  lower  concentrations,  or  by  the  differential  effect  on  the  rate 
and  course  of  embryonic  development  and  regulation  and  on  various 
functional  activities,  are  essentially  the  same  for  all  these  agents  and 
conditions.  Similarly,  differences  in  susceptibility  in  different  indi- 
viduals, corresponding  to  differences  in  physiological  af^,  nutritive 
condition,  etc.,  also  show  the  same  uniformity  with  the  different 
agents  and  conditions.  It  is  perhaps  necessary  to  emphasize  the  fact 
that  this  uniformity  in  susceptibility  relations  does  not  in  any  sense 
imply  that  the  action  on  living  protoplasm  of  all  these  agents  is  of 
exactly  the  same  sort  at  all  concentrations  or  intensities.  It  is  merely 
a  statement  of  the  fact  that  within  certain  limits  of  toxic  concentration 
or  intensity  the  regional  and  individual  differences  in  susceptibility  are 
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similar.  Many  agents,  e.g.,  the  anesthetics,  produce  in  low  con- 
centration or  with  short  period  of  action  temporary,  readily  reversible 
effects,  while  with  higher  concentration  or  longer  time  the  effects  are 
less  readily  reversible  or  irreversible  and  finally  end  in  death.  So  far 
as  differences  of  this  sort  exist,  it  is  the  less  readily  reversible  or  irre- 
versible changes  which  are  primarily  concerned  in  these  general 
susceptibility  relations,  and  the  relations  may  or  may  not  be  the  same 
for  the  readily  reversible  changes. 

The  action  of  benzamid  will  serve  as  an  illustration  of  this  point. 
Meyer  (24)  found  that  the  minimal  concentration  of  benzamid  neces- 
sary to  produce  complete  narcosis  in  tadpoles  was  m/500  at  3°  and 
m/200  at  30",  and  since  the  fat  solubility  of  benzamid  decreases  with 
rising  temperature,  he  suggested  that  the  higher  minimal  narcotic 
concentration  at  the  higher  temperature  was  to  be  accounted  for  by 
the  decrease  in  fat  solubility.  Ebcperiments  of  my  own  with  benzamid 
on  Planaria  (1,  pp.  182-190)  confirm  those  of  Meyer  as  regards  minimal 
narcotic  concentration  in  relation  to  temperature,  but  with  consider- 
ably higher  concentrations  which  are  lethal  within  5  to  10  hours,  the 
relation  between  susceptibility,  concentration  and  temperature  is 
reveled  and  death  occurs  earlier  in  a  given  concentration  at  high  than 
at  low  temperature,  i.e,,  susceptibility  to  these  higher  concentrations 
increases  instead  of  decreasing  with  rise  in  temperature.  Thb  sus- 
ceptibility to  slowly  lethal  concentrations  of  benzamid  shows  the  same 
relations  as  susceptibility  to  other  agents. 

Again,  it  is  apparently  an  established  fact  that  in  certain  low  con- 
centrations alkalies  accelerate  and  acids  retard  protoplasmic  activity, 
or  more  specifically  oxidations,  but  in  sufficient  concentration  both  are 
toxic  or  lethal,  and  I  have  found  that  the  regional  and  individual 
differences  in  susceptibility  to  such  concentrations  of  acids  and  alkalies 
are  in  general  similar  and  like  those  observed  with  other  agents. 

In  short,  whatever  the  particular  method  of  action  and  effect  on 
living  protoplasm  of  an  agent  in  concentrations  whose  effects  are 
readily  reversible,  there  is  a  high  degree  of  uniformity  in  the  sus- 
ceptibility relations  of  protoplasm  to  higher,  toxic  or  lethal  concentra- 
tions of  at  least  a  very  lat^  number  of  agents,  and  these  relations  are 
essentially  the  same  as  those  observed  in  injurious  temperatures  and 
in  absence  or  insufficiency  of  oxygen. 

In  general,  high  susceptibility  to  concentrations  and  intensities 
which  kill  too  rapidly  to  permit  acclimation  or  the  development  of 
tolerance,  is  associated  with  a  hi^  capacity  for  acclimation  or  de- 
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velopmeDt  of  tolerance  to  a  certain  range  of  lower  concentration  or 
intensities.  Consequently,  relative  susceptibility  can  be  determined  in 
two  ways:  first,  directly,  by  the  survival  time  or  the  degree  of  inhi- 
bition or  toxic  effect  in  concentrations  or  intensities  too  extreme  to 
permit  acclimation  or  tolerance  to  develop;  second,  indirectly,  by  the 
capacity  of  the  oiganism  to  acclimate  or  acquire  tolerance  in  a  certain 
range  of  lower  concentrations  or  intensities.  These  two  ranges  of 
concentration  or  intensity  must  be  determined  experimentally  for  each 
agent  or  condition  and  for  each  species  of  organism,  although  it  is  in 
general  true  that  for  closely  related  species  the  two  ranges  of  con- 
centration of  a  given  agent  do  not  usually  differ  very  widely. 

It  is  evident  from  what  has  been  said  that  the  susceptibihty  relations 
when  acclimation  or  tolerance  are  excluded  are  the  opposite  of  those 
determined  by  means  of  acclimation  or  tolerance.  For  example,  in  all 
axiate  organisms  examined  thus  far,  both  plants  and  animals,  the 
susceptibility  as  determined  directly  with  the  hi^er  conceatratioos 
decreases  primarily  from  the  apical  region  or  the  head  in  the  basal  or 
posterior  direction,  i.e.,  inhibition,  injury  or  death  occur  first  in  the 
apical  or  head  region  and  progress  in  regular  manner  along  the  chief 
axis.  In  the  range  of  lower  concentrations,  however,  the  apical  or 
head  region  shows  the  greatest  capacity  for  acclimation  or  tolerance 
and  in  the  long  run  inhibition,  injury  or  death  appears  first  or  most 
distinctly  in  the  basal  or  posterior  region  and  may  be  limited  to  that 
region  or  may  progress  a  greater  or  less  distance  toward  the  apical  or 
head  region  (see,  for  example,  (2),  (8),  (11),  (12),  (13),  (14) ).  In 
view  of  these  facts  it  is  necessary  to  distinguish  between  these  opposite 
susceptibihty  relations.  The  one  depends  directly  upon  the  condition 
of  the  protoplasm  at  the  moment,  the  other  upon  the  ability  of  the 
protoplasm  to  alter  its  condition  in  the  course  of  time.  The  two 
modifications  of  the  method  of  determining  differences  in  susceptibility 
have  commonly  been  referred  to  in  the  past  as  the  direct  and  the 
indirect  or  acclimation  method,  since  in  the  one  the  susceptibility  is 
directly  determined,  in  the  other  indirectly  throi^  the  differential 
capacity  for  acclimation  or  tolerance- 

I  wish  particularly  to  emphasize  the  fact  of  the  association  of  these 
susceptibUity  relations  with  certain  ranges  of  concentration  or  in- 
tensity of  action  of  external  agents.  Investigation  of  the  effects  of 
external  agents  has  been  very  largely  concerned  with  the  dissimilar 
effects  of  various  low  concentrations  and  intensities,  the  action  of  the 
more  highly  toxic  and  lethal  concentrations  beii^  often  regarded  as  of 


oy  Google 


EFFECT  OF  CTANIDBS  ON  BJETABOUSM  JN   PLANABIA  377 

leas  interest  and  importance.  Consequently  the  fact  of  uniformity  of 
msoeptibility  relations  to  a  certain  rai^  of  concentrations  or  in- 
tensities of  at  least  a  very  large  number  of  external  agents  and  tlie 
physiological  significance  of  these  relations  have  not  been  clearly 
recognized.  This  fact  is  not  in  conflict  with  any  data  concerning  the 
differences  in  the  method  of  action  of  different  agents  or  groups  of 
agents  within  "physiological"  concentrations  or  Intensities,  but  merely 
indicates  that,  whatever  the  method  of  action  in  a  particular  case,  a 
toxic  or  lethal  effect  may  result  with  sufiicieDtly  high  concentration 
of  intensity  and  that  the  susceptibility  relatione  to  such  toxic  or  lethal 
effects  are,  at  least  to  a  very  high  degree,  uniform  and  independent  of 
the  particular  agent  employed,  and  are  not  necessarily  the  same  as 
the  susceptibility  relations  to  its  action  within  the  limits  of  rapid 
reversibility.  All  the  facts  indicate  that  the  more  or  less  specific 
differences  in  action  of  different  agents  on  protoplasm  are  primarily 
or  chiefly  associated  with  reversible  or  more  readily  reversible  changes, 
and  the  "uniformity  in  susceptibility  relations  with  irreversible  or  less 
readily  reversible  changes.  If  this  is  true,  then  the  range  of  concen- 
tration or  intensity  for  which  this  uniformity  holds  is  the  range 
which  produces  such  irreversible  or  less  readily  reversible  changes  in 
protoplasm. 

Concentration  or  intensity  of  action  of  the  agent  is  then  of  fundamen- 
tal importance  in  determining  susceptibility  relations,  and  it  is  only  by 
working  with  a  wide  range  of  concentrations  or  intensities,  from  those 
which  kill  almost  immediately,  to  those  which  are  non-toxic  or  merely 
"  physiolc^cal"  in  their  action,  that  any  adequate  conception  of  the 
relations  between  the  protoplasmic  system  and  agents  which  affect  it 
can  be  attained.  It  has  been  possible  to  demonstrate  more  or  less 
completely  in  various  cases  that  the  general  susceptibility  of  pro- 
toplasm is  related  to  its  metabolic  condition,  or  more  specifically  to  the 
rate  of  certain  fundamental  metaboUc  reactions,  probably  primarily 
the  oxidation  or  certain  oxidations.  For  example,  in  Planaria  motor 
activity  increases  the  direct  susceptibility  of  the  worms  to  cyanides 
and  other  agents  in  toxic  concentration  (1,  pp.  167-170).  This  experi- 
ment I  have  used  extensively  as  a  class  experiment.  Other  forms  of 
stimulation,  e.g.,  section  of  the  body,  have  also  been  found  to  increase 
both  direct  susceptibility  and  COi  production  (5,  p.  437);  moreover, 
direct  susceptibility,  oxygen  consumption  and  CO]  production  all 
decrease  with  advancing  physiological  age  (7).  On  the  basis  of  these 
facts  alone,  these  differences  in  susceptibility  might  be  accounted  for 
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by  differences  in  permeability  of  membranes,  but  when  we  find  that 
both  direct  and  indirect  susceptibility  to  t«mperature  and  suscepti- 
bility to  lack  of  oxygen  show  the  same  differences  in  relation  to  region 
of  body,  physiological  age,  nutritive  condition,  etc.,  as  direct  and 
indirect  susceptibility  to  cyanides  and  other  chemical  agents,  it  is 
evident  that  we  are  concerned  not  merely  with  permeability  as  a 
physical  condition  but  with  fundamental  activities  of  protoplasm. 
Moreover,  the  fact  that  the  susceptibility  relations  to  low  oxyge^i  or 
lack  of  oxygen  are  the  same  as  the  direct  relations  to  other  agents, 
indicate  very  clearly  that  susceptibility  in  the  sense  in  which  the  word 
is  used  here  is  in  some  way  connected  with  the  oxidations  or  with 
certain  oxidations.  And  finally,  the  fact  that  these  susceptibility 
relations  are  not  specific,  but  rather  essentially  identical,  showing  '  nly 
slight  quantitative  differences  with  a  very  wide  variety  of  substances 
and  conditions  in  proper  concentration  or  intensity,  indicates  that 
the  factor  fundamentally  concerned  is  not  qualitative  and  specific,  but 
quantitative- 
Bearing  all  the  facts  in  mind,  the  simplest  and  most  satisfactory 
statement  at  present  is  that  susceptibility  is  associated  with  or  de- 
pendent upon  rate  of  oxidations  or  of  certain  oxidations  in  protoplasm. 
While  I  have  made  this  statement  repeatedly,  I  have  likewise  en- 
deavored to  point  out  that  it  must  not  be  interpreted  as  meaning  that 
all  agents  and  conditions  act  directly  or  in  any  specific  way  upon  the 
oxidativereactions,  or  even  that  all  act  in  the  same  way  on  protoplasm. 
But  whether  a  particular  agent  enters  chemically  into  the  oxidative 
reaction,  acts  as  a  reducing  ^ent,  affects  the  oxidizii^  ensymes  or 
alters  the  aggregate  condition  of  the  protoplasm  colloids  in  some  way, 
susceptibility  to  that  agent  within  certain  limits  of  concentration  may 
still  be  dependent  on  and  a  measure  of  the  relative  rates  of  oxidation 
in  different  body-regions  and  in  different  conditions  of  age,  nutrition, 
activity,  etc.  This  is  all  that  such  a  statement  can  mean  at  present, 
though  in  future,  as  we  learn  more  of  the  action  of  each  particular 
agent  on  protoplasm,  we  shall  doubtless  be  able  to  state  more  definitely 
the  nature  of  the  relation  between  the  action  of  each  agent  and  the 
rate  of  oxidation.  At  present,  however,  it  is  scarcely  possible  to  say 
more  than  that  the  rate  of  oxidation  is  dependent  upon  a  complex  of 
factors  in  living  protoplasm  and  that  each  such  factor  may  play  a  rdle 
both  as  an  index  and  a  determiner  of  oxidation  rate. 

The  biochemist  has  frequently  said  that  such  expressions  as  "rate 
of  metabolism"  and  "rate  of  oxidation"  have  no  value  or  meaning. 
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From  a  certain  biochemical  viewpoint  which  conceives  each  particular 
chemical  reaction  aa  a  discrete  entity,  this  statement  is  unquestionably 
correct.  But  it  is  just  as  certain  that  from  a  certain  physiological 
viewpoint  these  expressions  possess  a  very  real  significance  and  are  at 
present  necessary  for  statement  of  the  experimental  data.  The  general 
relation  between  susceptibiUty  and  oxidation  rate  is  an  experimental 
fact,  and  the  statement  of  this  relation  is  merely  the  first  step  toward 
it8  analysis.  The  probability  that  if  we  knew  more  about  the  matter 
we  might  be  able  to  state  the  relation  in  more  definite  terms  for  each 
particular  case,  does  not  lessen  the  value  of  the  general  statement  as 
a  starting  point.  Living  protoplasm  is  a  system  of  physiologically 
correlated  and  interdependent  changes  and  conditions,  not  a  mosaic 
of  wholly  independent  reactions.  When  we  examine  this  system  in 
its  chemical  aspects,  the  oxidations  appear  as  highly  significant  or 
fundamental  factors,  while  in  another  aspect  the  active  mass  of 
enzymes,  colloid  aggregation  or  permeability  of  membranes  may  be 
regarded  as  fundamental.  But  all  such  factors  are  unquestionably 
more  or  less  closely  correlated  and  it  is  the  same  system  in  all  cases. 
With  certain  limitations  we  can  use  the  rate  of  oxidation  in  such  a 
protoplasmic  sj^tem  as  a  measure  of  its  physiological  or  vital  con- 
dition, and,  so  far  as  this  is  possible,  the  conception  is  justified.  The 
relation  between  susceptibility  and  rate  of  oxidation  is  simply  this 
relation  between  rate  of  oxidation  and  physiological  condition  stated 
in  terms  of  the  action  of  external  agents.  Like  any  other  general 
statement  of  relation  it  is  subject  to  modification  and  limitation  and 
may  give  place  to  more  definite  statements  as  experiment  advances 
our  knowledge,  but  as  far  as  it  goes,  it  is  a  statement  of  fact. 

This  relation  may  be  stated  in  the  following  terms:  The  direct 
susceptibility,  i.e.,  susceptibility  to  the  agents  employed  in  sufficient 
concentration  to  prevent  acclimation  or  acquirement  of  tolerance,  but 
not  immediately  lethal,  varies  in  general  directly,  thou^  not  neces- 
sarily proportionally  with  the  rate  of  oxidation  (1),  (4),  (7,  chap.  iii). 
The  indirect  susceptibiUty  associated  with  abiUty  to  acclimate  or 
acquire  tolerance  to  a  certain  range  of  low  concentrations  and  in- 
tensities of  the  agents  employed,  varies  inversely  though  not  oecea- 
sarily  proportionally  with  rate  of  oxidation. 

To  my  mind  these  susceptibiUty  relations  are  simply  one  expressioD 
of  the  fact  that  living  protoplasm  is  a  system  of  interdependent  and 
correlated  conditions  and  changes,  in  which  dynamic  equiUbration  is 
continuously  going  on  and  new  disturbances  are  continuously  oc- 
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curring.  Since  regional  and  individual  differences  in  the  condition  ol 
this  system  exist,  there  must  also  exist  regional  and  individu&l  differ* 
ences  in  susceptibility  to  all  agents  which  alter  to  a  sufficient  de^c« 
any  of  the  correlated  factors  constituting  the  system.  Moreover, 
these  differences  in  susceptibility  must  show  a  certain  definite  and  in 
general  imiform  relation  to  certain  fundamental  factors  in  the  system. 
Such,  I  believe,  is  the  relation  between  susceptibility  and  oxidatioD 
rate;  not  in  any  sense  specific,  not  necessarily  direct,  undoubtedly  to 
be  stated  in  different  terms  in  different  cases,  and  meaning  merely 
that  rate  of  oxidation  is  associated  with  and  dependent  on  various 
factors  in  the  protoplasmic  system  which  are  susceptible  to  alteration 
by  external  agents. 

No  claim  is  made  for  universality  of  the  relations  as  stated,  though 
they  have  been  experimentally  demonstrated  for  a  large  number  of 
agents  and  organisms  (pp.  372  to  373).  It  remains  to  determine  their 
limitations,  their  nature  in  particular  cases  and  their  value  as  a  method 
of  investigation.  As  regards  the  latter  point,  their  value  as  a  method 
for  attacking  various  problems  has  already  been  abundantly  demon- 
strated. The  susceptibility  method,  checked  in  various  ways,  has 
served  not  only  for  demonstrating  physiological  axes  in  plants  (11), 
(13),  (14),  protozoa  (3)  and  various  other  animals  from  nearly  all  the 
great  groups,  but  it  has  made  possible  the  control  and  modification  of 
development  and  a  rational  interpretation  of  various  types  of  tera- 
tol(^y  (12),  (16)  and  experimental  data  to  be  published  later  will 
show  that  it  has  given  us  a  basis  for  interpretation  of  galvanotactic 
reactions  and  bio-electric  currents.  Moreover,  it  has  been  an  important 
factor  in  the  development  of  a  conception  of  physiological  polarity, 
axiation  and  integration  which  has  received  experimental  support  and 
confirmation  from  many  different  sources  (8).  Practically  it  has  amply 
justified  itself. 

In  work  with  this  susceptibiUty  method  the  cyanides  have  proved 
to  be  very  useful  agents,  particularly  in  the  direct  determination  of 
susceptibility,  because  of  their  high  toxicity  and  the  very  slow  and 
slight  acclimation  to  their  action.  Moreover,  various  hnes  of  evidence 
which  are  discussed  by  Doctor  Hyman  in  the  paper  appearing  in  this 
number  of  this  Journal,  show  very  clearly  that  the  cyanides  do  act  in 
some  way  on  the  rate  of  oxidation.  As  regards  the  general  suscepti- 
bihty  relations,  the  differences  between  cyanides  and  other  ^ents  are 
merely  quantitative.  Salts  of  the  heavy  metals,  e.g.,  HgCli,  CuSOi, 
etc.,  can  be  used  in  even  greater  dilution  than  the  cyanides  for  sus- 
ceptibility determination  and  the  same  regional  and  individual  differ- 
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encee  appear  in  survival  time,  rate  of  development  and  form  and 
proportion  as  with  cyanides,  the  chief  difference  observed  being  that 
accliroation  or  tolerance  to  the  heavy  metal  salts  develops  somewhat 
more  rapidly  and  to  a  greater  degree  than  to  cyanides. 

Cyanides  are  not  used  as  "specific"  af^nts  for  determination  of  sus- 
ceptibility, as  certain  critics  of  the  method  have  apparently  believed, 
but  merely  aa  convenient  agents,  because  they  act  in  low  concentration 
and  so  permit  the  exclusion  of  osmotic  or  other  effects  associated  with 
high  concentration  and  because  the  very  slow  and  slight  acclimation 
makes  it  possible  to  distinguish  sharply  between  direct  and  indirect 
or  acclimation  susceptibility.  Whatever  the  nature  of  the  relation 
between  the  toxicity  of  cyanides  and  the  protoplasmic  oxidations, 
much  evidence  has  accumulated  to  show  that  cyanides  decrease 
oxidation  in  some  way,  although  in  some  cases  a  primary  stimulation 
occurs  with  extremely  low  concentration.  For  all  these  reasons  the 
cyanides  have  been  much  used  in  the  work  on  susceptibility,  but 
essentially  the  same  results  may  be  obtained  with  many  other  agents. 

The  most  extensive  studies  on  susceptibility  in  relation  to  different 
body  regions,  to  differences  in  phyaiologicat  age,  nutritive  conditions, 
temperature,  etc.,  have  been  made  with  the  flatworm  Planaria  doroto- 
cephala  as  material  (1),  (2),  (4),  (5),  (7),  (10).  Since  the  cyanides 
have  been  much  used  in  this  work  and  for  other  forms  as  well,  it  seems 
desirable,  even  though  the  results  obtained  have  already  been  checked 
by  COt  estimation  with  the  Taahiro  biomet«r  (1),  (7,  chap,  iii)  and  in 
variotiB  other  ways,  to  present  additional  data  concerning  the  effect 
of  cyanides  on  oxidation  in  this  species.  From  what  we  already 
know,  there  can  be  little  doubt  that  cyanides  decrease  oxidation  at 
least  very  generally  in  organisms  and  the  evidence  already  at  hand 
indicates  very  clearly  that  they  act  in  this  way  on  Planaria.  Never- 
theless, since  so  much  work  has  been  done  with  Planaria  as  material 
and  the  cyanides  as  agente  it  seems  worth  while  to  make  the  demon- 
stration as  complete  as  possible.  Such  a  demonstration  serves  to 
throw  some  light  not  only  on  the  relation  between  susceptibility  to 
cyanides  and  rate  of  oxidation,  but  on  the  whole  problem  of  suscepti- 
bility to  agents  in  general. 

Dr.  Hyman's  paper  presents  the  data  on  the  effect  of  cyanide  on 
oxygen  consumption  in  Planaria,  as  determined  by  the  Winkler  method, 
and  the  foUowing  sections  of  the  present  paper  give  some  supple- 
mentary data  on  the  effect  of  cyanide  on  CO]  production,  estimated 
colorimetrically,  and  on  susceptibility  to  lack  of  oxygen,  determined 
by  survival  time. 
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THE    EFFECT  OF   CTANIDE   ON   THE    PRODUCTION   OF  CABBOK   DIOXIDI 

In  these  determinations  the  colorimetric  method  with  phenolaulphone- 
phthalein  as  indicator  was  employed,  the  Eynson,  Westcott  &  Dim- 
ning  set  of  colors  in  buffer  solutions  being  used  as  the  standard  for 
comparison.  For  each  experiment  worms  from  the  same  stock,  of  the 
same  size  and  nutritive  conditions  are  used  in  two  lots  of  as  nearly  as 
possible  equal  weights.  In  nearly  all  experiments  the  heads  are  removed 
before  weighing  in  order  to  prevent  as  far  as  possible  motor  activity, 
which  in  animals  with  heads  may  be  sufficient  to  increase  the  C0| 
production  to  a  considerable  extent.  It  has  been  determined  that 
removal  of  the  heads  has  no  immediate  effect  on  COt  production  except 
a  slight  temporaiy  increase  during  the  first  few  hours  after  decapitation. 
The  heads  are  of  course  regenerated,  and  after  two  days  or  more  there 
is  an  increase  in  COi  production  connected  with  the  development  ot 
the  embryonic  tissue  which  gives  rise  to  the  new  head,  but  within  the 
first  forty-eight  hours  after  section  this  is  very  slight  or  inappreciable 
as  compared  with  the  total  and  the  ftnimalH  were  in  most  cases  used 
within  this  period.  Moreover,  since  the  number  of  worms  in  the  two 
lots  to  be  compared  is  equal  or  nearly  equal,  the  number  of  regenerating 
regions  is  the  same  or  nearly  the  same  in  both,  and  the  differences  in  COi 
production  from  this  source  are  negUgible. 

The  animals  are  weighed  dry,  i.e.,  they  are  placed  on  filter  paper  to 
remove  excess  water  before  weighing  and  then  transferred  on  the 
blade  of  a  small  lancet  to  a  small  glass  container  already  balanced  and 
standing  on  the  balance  pan.  Weighing  is  done  as  rapidly  as  possible 
for  injury  results  from  exposure  to  the  air  for  more  than  one  or  two 
minutes.  As  soon  as  weighed  the  animals  are  returned  to  water,  and 
then  in  some  cases  a  preliminary  comparison  of  CO2  production  in  the 
two  lots  ia  made  before  subjecting  one  of  them  to  the  action  of  KNC. 

For  the  colorimetric  detemunation  of  COi  pyrex  glass  tubes  of  5 
to  6  cc.  volume  and  of  the  same  diameter  as  the  standard  tubes  are 
used,  the  worms  being  placed  in  these  tubes  in  equal  volume  of 
phenolsulphonephthalein  solution  made  up  to  give  the  same  density 
of  color  as  the  colorimeter  tubes.  The  open  end  of  the  tube  is  first 
closed  with  a  small  plug  of  thoroughly  washed  absorbent  cotton  soaked 
in  the  same  indicator  solution,  air  bubbles  being  excluded,  and  is  then 
sealed  with  melted  paraffine.  This  method  of  closure  has  been  found 
preferable  for  these  animals  to  the  rubber  tubing  and  clamp  used  by 
Haas  (25),  because  even  the  headless  animals  may  creep  about  to 
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some  extent  during  the  first  few  moments  of  the  experiment,  and  if 
rubber  tubing  and  clamp  are  used  they  tend  to  come  to  rest  in  the 
rubber  tubing,  where  the  light  intensity  is  least.  There  they  are  out 
of  si^t  and  differences  in  motor  activity  cannot  be  observed,  more- 
over they  are  «^tea  crushed  or  lost  in  removal.  With  the  cotton- 
paraffine  olasure  the  cotton  serves  for  the  usual  period  of  an  experiment 
as  an  inner  seal. 

The  COi  production  is  determined  in  terms  of  pH;  the  minus 
logarithm  of  the  hydrogen  ion  concentration,  by  matching  at  intervals 
the  tubes  containing  the  worms  with  the  standard  tubes  of  known  pH. 
That  the  animals  do  not  produce  any  non-volatile  acids  in  appreciable 
quantities  is  dononstrated  by  the  fact  that  after  change  in  color  of  the 
indicator  by  the  worms,  shaking  with  air  restores  the  original  color, 
and  the  probability  that  any  other  volatile  acid  than  carbonic  acid  is 
produced  is  negligible. 

The  preUminary  pH  determination  usually  extends  over  two  or  three 
hours  with  half-hourly  or  hourly  readings  of  pH.  At  the  end  of  this 
time  the  animals  are  removed  from  the  tubes,  one  lot  being  placed  in 
water,  the  other  in  KNC  of  the  concentratitm  used  in  that  particular 
experiment.  The  animals  remain  in  KNC  for  various  lengths  of  time, 
but  before  death  and  disintegration  of  any  part  begin  (in  a  few  cases 
with  the  longer  periods  in  KNC  very  slight  traces  <rf  disintegration 
were  observed),  they  are  returned  again  to  water,  washed  in  several 
changes  of  water  and  allowed  to  remain  from  5  to  30  minutes  before 
being  placed  in  the  indicator  solution.  After  this  time  both  the 
cyanide  lot  and  the  control  are  again  placed  in  clean  tubes  with  fresh 
indicator  solution,  the  tubes  sealed  and  the  pH  determined  half-hourly 
or  hourly  or  at  longer  intervals  for  several  hours.  With  some  lots  the 
experiment  was  concluded  at  this  point,  but  with  others  observations 
were  made  on  recovery,  the  two  lots  being  again  retiuned  to  water  and 
their  COi  production  being  again  compared  after  24  or  48  hours.  In 
many  experiments  then  there  are  three  comparative  estimations  of 
COt  production,  firet  preliminary,  second  immediately  after  KNC, 
third  during  or  after  recovety. 

The  chief  disadvantage  of  this  method  is  that  the  COi  estimation 
is  made  after  removal  of  the  animals  from  cyanide  rather  than  in  its 
presence.  The  KNC  solution  is  of  course  alkaline  and  its  alkalinity 
changes  more  or  less  on  standing,  so  that  it  is  difficult  to  bring  it  to 
the  same  pH  as  the  water  used  in  the  control.  The  effect  of  cyanide 
determined  in  this  way  is  then  merely  the  ^ect  that  remains  after 
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return  of  Uie  aoimals  to  water.  The  animale  begin  to  recover  daring 
the  COi  estimation,  and  partial  recovery  sometimes  appears  in  the 
later  stages  of  the  estimation.  This  method  serves  merely  to  demon- 
strate that  COi  production  is  affected  by  cyanideS;  but  does  not  give 
quantitative  data.  The  determinations  ctf  the  effect  of  cyanides  on 
oxygen  consumption  in  Doctor  Hyman's  paper  give  much  more  striking 
resultfi  than  those*  on  COt  production,  because  the  oxygen  consumption 
is  determined  in  the  presence  of  cyanide,  not  merely  after  its  actitm. 

The  water  used  in  all  experiments  is  a  wcD  water,  the  same  in  which 
the  stocks  of  worms  are  kept,  the  tap  water  being  unavailable  because 
of  chlorinatioD.  When  this  water  is  first  pumped  pH  ~=  7.6  but  on 
standing  a  small  amount  of  COj  is  given  off  and  the  pH  rises  to  7.8 
or  even  to  8.0.  This  accounts  for  the  fact  that  in  the  fcrflowing  tables 
the  pH  at  the  beginning  of  different  experiments  is  different.  Since 
the  relative  COj  production  of  cyanide  and  control  lots  is  of  interest 
here  rather  than  the  absolute  CO*  production,  the  pH  at  the  beginning 
of  the  experiment  need  not  always  be  the  same  in  different  experi- 
ments, but  is  always  the  same  for  experimental  and  control  lots  in 
any  one  experiment.  The  results  are  given  in  terms  of  pH.  the  de- 
crease in  pH  representing  the  increase  in  hydrogen  ion  concentration 
resulting  frcHn  COi  production  in  the  respiration  of  the  animals.  In 
the  pH  data  as  given  in  the  table  the  figures  in  the  first  decimal  place 
are  obtained  directly  by  matching  with  the  standard  tubes,  while  those 
of  the  second  place  are  based  on  estimation  frtmi  the  two  standard 
tubes  between  which  the  color  of  the  experimental  tube  lies. 

The  chief  data  are  presented  in  tables  1  to  4.  The  first  four  vertical 
columns  in  tables  1  and  4,  the  first  three  columns  in  tables  2  and  3 
give  the  general  data  of  each  series,  series  number,  lei^th  in  milt^rams 
of  animals  used  where  the  table  includes  wonn^  of  different  length, 
the  number  of  worms  in  each  lot  and  the  wei^ts  of  each  lot  m  fractions 
of  a  gram.  The  remaining  columns  have  to  do  with  the  data  of  each 
particu'rar  experiment.  In  most  series  the  data  are  divided  into  three 
groups  as  indicated  in  the  column  headed  experimental  conditions: 
firat,  preliminary,  where  both  lots  A  and  B  are  in  water;  second,  KNC, 
where  lot  A  has  been  in  KNC  of  thd  concentration  and  for  the  time 
indicated;  third,  recoveiy,  in  which  the  animals  of  lot  A  have  been  in 
water  a  certain  number  of  houis  as  indicated  in  each  experiment  since 
treatment  with  KNC.  In  a  few  series,  e.g.,  series  680  in  table  1,  no 
observations  were  made  on  recovery,  while  in  series  667  II  in  table  2 
two  different  periods  of  recovery  are  recorded,  but  no  preliminary 
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observations  were  made.  The  columns  giving  the  pH  represent  half- 
hour  or  hour  intervals,  but  the  actual  intervals  between  observations 
differ  as  indicated  in  different  series. 

The  important  point  in  each  series  is  the  difference  in  pH  which 
appears  during  two  to  four  hours  between  the  cyanide  lot  A  after 
exposure  to  KNC  and  the  control  lot  B,  as  compared  with  the  difference 

TABLE  I 
WeU-fed  worm  18  to  tS  mm   KNC  m/tOOO 


»RIU 

i 

1 

1 

—■■""-«— 

«"■'"•""  ■•"■"" 

0 

1 

I 

1* 

7.25 
7.2£ 

7.4 
7.43 

7,2 
7,2 

7.27 
7.22 

7.3 
7.33 

7,35 
7.27 

7.25 
7.2F 

! 

-{^ 

25 
25 

5 
5 

D.1064 
0.1(M3 

_  _,.    .          /A.  water 

^„„    /A.  KNC  3  hours 
■""^    Ib.  water 

7 

7 

7 
7 

7 
7 

7 
7 

7 
7 

6 
6 

e 

6 

7 
7 

7S 
75 

77 
77 

7.5 
7.5 

7.43 
7.4 

7.57 
7.6 

7.6 
7.53 

7.33 
7.33 

7.5 
7.55 

7.5 
7.4 

7.43 
7.43 

-{^ 

16 

le 

8 
8 

0.08 
0.0757 

,,,    |A,KKC3.e.„ 

Recovery    f  A.  water 
48  houra\B.  water 

7,25 
7,17 

-{^ 

16-18 
16-18 

8 
8 

0.O866 
0.O814 

Preliminary  { J;  l"^^ 

Recovery      f  A.  water 
431  hours  I.B.  water 

7 

7 

7 

7 

7 
7 

77 
77 

6 
6 

7 
7 

7.6 
7.63 

7,5 
7.43 

7.5S 
7.55 

7.53 
7.65 

7.4 
7.43 

7.35 
7,37 

:.3 

7.23 

7.2 
7.23 

7.13 
7.15 

between  these  two  lots  ia  the  preliminary  and  the  recovery  determi- 
nations.  It  will  be  observed  that  in  every  series  the  decrease  in  pH 
in  lot  A,  the  lot  exposed  to  KNC  ia  leas  rapid  aSUr  exposure  an  com- 
pared with  that  in  lot  B  than  in  either  the  preliminary  or  the  recovery 
determinations.  This  difference  i^  not  due  to  difference  in  weight  in 
any  case,  for  not  only  are  the  differences  in  weight  between  the  two 
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TABLE 

Well-fed  tBorma  8  lo  10  mm.    KNC  m/tOOO 

umiM 

8 

I 

pH  AT  motrm 

7.75 
7,75 

* 

7.73 
7.7 

1* 

t 

li 

t 

7,7 
7,6 

4 

traHH 

A.  KNC  ) 
KNC         hour 

B.  water 

7,63 
7.5 

«,„{* 

4 
3 

0.0131 
0.0138 

lUeovery    f  A.  water 
22  hours  \b.  water 

r.75 
7.75 

7.7 
7.67 

7.5S 

Recovery     fA.  watei 
72  hours    \b.  water 

7.77 

7.77 

7.75 
7.73 

7.53 
7.63 

7,58 
7,53 

7.38 
7.38 

; 

7.47 
7.4 

7.63 
7.8 

«"{*B 

11 
10 

9.0364 
Q.0364 

(A.  KNC  1 
KNC         hour 
IB.  ..ler 

7,9 
7,9 

7.9 
7.9 

7.6 
7.6 

7.8 
7.8 

7,55 
7,55 

7.73 
7.73 

7.47 
7.47 

7.63 
7,63 

7.43 
7.43 

P„lm,m.,y  (b.w.U,, 

-{J 

11 
10 

0.O333 
0.O315 

fA.KNClkoor 
™°  iB.  w.l.r 

7.6 

7,6 

7.57 
7.55 

7.53 
7.5 

7.48 
7,43 

7.43 
7.37 

7.35 
7.3 

Recovery    f  A.  water 
42  hours  \B.  water 

7.7 
7.7 

7.65 
7.66 

7.66 

7.6 

7.5 
7.5 

7.4 

7,4 

-""»'■- (b::^ 

7,55 
7,55 

7.47 
7.45 

7.4 

r.4 

»{^ 

10 
10 

9,0433 
0.O415 

A.  KNC  2 
KNC       hours 

B.  water 

Recovery   f  A.  water 
25  hours  \B.  water 

7.7 
7.7 

7.77 
7,77 

7.67 
7.6 

7,67 

7.7 

7.58 
7.5 

7.5 
7.4 

7.4 
7.42 

7,4 
7,3 

lots  A  and  B  of  a  pair  slight,  but  in  all  cases  the  preliminary  detenni- 
nations  show  almost  the  same  or  Exactly  the  same  rate  of  change  in 
pH  in  A  and  B,  and  in  all  series  except  667  II  in  table  2  and  686  in 
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table  3,  where  there  ia  any  difference  in  weight  between  lots  A  and  B, 
A  is  the  heavier  and  should  therefore  produce  more  COi  than  B. 
After  a  certain  length  of  time  in  KNC,  however,  A  produces  lees  COi 
than  B.  Differences  in  motor  activities  do  not  account  for  this  differ- 
ence, for  in  most  cases  the  headless  animals  showed  little  or  no  motor 


TABLE! 
WonM  ttarved  Bl  to  5S  days:  8  to  10  mm 

KNC  nt/1000 

■UDH 

P 

1 

pH  M  -o™ 

0 

t 

1 

U 

7.7 
7.7 

7.63 
7.5 

11 

1 

7.6 
7.62 

7.47 
7.43 

)) 

« 

< 

8 

a 

9.0164 
B.0168 

Prelimi-   fA.  wat«r 
nary     \B.  water 

A,  KNC  2 
KNC       hours 

B.  water 

7.8 
7.8 

7.6 
7.6 

7.75 
7.75 

-{^ 

9 
6 

[>.0451 
0.0444 

Prelimi-  fA.  water 
Dary     \b.  water 

A.  KNC  I 
KNC        hour 

B.  water 

Recovery  fA.  water 
IS  hours  \B.  water 

7,8 
7.8 

7.6 
7.6 

7.77 

7.77 

7.7 
7.72 

7.6 
7.62 

7.62 
7.62 

7.55 
7.58 

7.43 
7.4 

7.4 
7.42 

7.4 
7.43 

7.37 
7.33 

7.4 

7.3 
7.23 

7.3 
7.3 

«"(;; 

8 
8 

0.0333 
0.0332 

Prelimi-  f  A.  water 
uary     \b.  water 

A.  KNC  li 
KNC         hour 

B.  water 

Recovery  fA.  water 
43  houn  \B.  water 

7.7 
7.7 

7.n 

7.77 

7.67 
7,67 

7.6 
7.6 

7.7 
7.65 

7.6 
7.6 

7.55 
7.55 

7.47 
7.47 

7.38 
7.4 

7,37 
7,27 

7.3 
7.33 

activity  during  the  detenninations,  and  all  results  in  which  differences 
in  motor  activity  were  sufficient  to  have  constituted  a  possible  factor 
in  the  pH  differences  are  excluded  from  the  tables.  There  is  no  escape 
from  the  conclusion  that  the  difference  In  rate  of  change  of  pH  after 
KNC  is  due  to  a  difference  in  rate  of  CO*  production  which  does  not 
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TABLE  t 

t  18  to  2S  mm.    KNC  variotis  coneenlratiom 


HUM 

1 

s 

8 

jl 

i 
j_ 

■irmRiuaKTAi. 

COHDinoHl 

pH« 

eo™ 

0 

1 

1 

U 

1 

It 

J 

4 

""■ 

"""• 

Prelimi-  f  A.  water 
oary    \b,  water 

7.65 

7.45 

7.3 

7.2 

7.15 

7.65 

7.47 

7.32 

7.22 

7.17 

<^{t 

25 
25 

5 
5 

0.1187 
0.1152 

"'*"    tB.wat«r 

7.7 

7.57 

7,4 

7.7 

7.52 

7.32 

24  hours  \B.water 

7.77 

7.5 

7.2 

7.77 

7.5 

7,37 

7.3 

— 

7.2 

— 

Prelimi-  [A,  water 
nary     l,B,  water 

7.7 

7.57 

7.7 

7.57 

7.35 

7.28 

^{t 

25 

e 

0.1304 

25 

6 

0.1285 

^>"=    "sir 

7.75 

7.5 

7.23 

7.75 

7.45 

7.38 

— 

— 

7.17 

— 

Prelimi-  (A.  watei 
nary    \B.  water 

7-75 

7.53 

7.75 

7.55 

7.4 

»'{^ 

18-20 

7 

0.O86 

A.  KNC 

18-20 

6 

0.O846 

7,6 

7.4 

7.33 

8.87 

7.6 

7.37 

7.27 

6.8 

Recovery  f  A. water 
45  hours  \B.water 

7.8 

7.6 

7.4 

7.33 

7.27 

7.8 

7.8 
7.4 

7.4 

7.32 
7.2 

7.27 

— 

— 

Prelimi-  (A.  water 
nary     \B.  water 

7.6 

r.6 

7.43 

7.2 

^{t 

25 

9 

0.2253 

25 

8 

J.2182 

7.7 

7.5 

7.25 

7.7 

7.47 
7,67 

7.2 

— 

— 

7,3 

— 

Prelimi-  |A.  water 
nary    \b.  water 

7.77 

7.77 

7.67 

7.32 

•»{S 

16-18 

9 

0,094 

A.  KNC 

16-18 

8 

0.0923 

KNC          2U  hn 

rn/25000        hours 

7,6 

7.35 

7.17 

Ib.  water 

7,6 

7.32 

7.1 

Recovery  f  A. water 
24  hours  \B,water 

7.7 

7.6 

7.45 

7.23 

7.7 

7.63 

7.5 

7.27 
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exist  in  the  preliminaiy  oor  in  the  recovery  detenninations  to  any 
such  degree.  Carbon  dioxide  production  ia  unquestionably  decreased 
byKNC. 

In  all  series  of  tables  1,  2  and  3,  KNC  m/1000  was  used,  this  being 
the  concentration  wsmnonly  employed  for  direct  susceptibility  de- 
terminations, but  table  4  shows  the  effects  of  various  concentrations 
ranging  from  m/500  to  m/25000  with  various  periods  of  exposure. 

A  comparison  of  the  preliminary,  the  recovery  and  the  cyanide 
determinations  shows  in  s<Hne  cases  that  the  absolute  decrease  in  pH 
is  more-rapid  in  both  A  and  6  in  the  cyanide  than  in  the  preliminary 
or  the  recovery  detenninations.  Series  693,  table  4  is  the  most  ex- 
treme case  of  this  sort.  Differences  in  temperature  constitute  the 
chief  factor  in  determining  differences  of  this  kind.  Most  of  this  work 
was  done  during  the  winter  months  and  ihe  range  of  variation  in  the 
laboratory  temperature  was  about  5''C.  This  range  of  variation  may 
affect  C0»  production  in  different  determinations,  but  in  any  one 
determination  temperature  conditions  for  the  two  lots  are  of  course 
the  same.  Stimulation  resulting  from  the  necessary  handling  may  also 
be  concerned  in  some  cases.  In  the  KNC  determination  both  the 
cyanide  tot  and  the  control  are  handled  as  nearly  as  possible  in  the 
same  way,  the  control  being  washed  as  frequently  as  the  KNC  lot. 
These  washings,  tc^ther  with  the  transfer  to  the  tubes  in  pipettes, 
may  cause  a  considerable  degree  of  excitation  which  does  not  neces 
sarily  appear  in  increased  motor  activity,  but  does  increase  the  rate 
of  pH  change  during  the  first  half-hour  or  so. 

A  considerable  number  of  series  not  included  in  the  tables  was  run 
without  preliminary  pH  determination,  but  in  all  such  cases  the  de- 
crease in  pH  was  less  rapid  in  the  KNC  lot  than  in  the  control.  Among 
al7  determinations  made,  only  one,  with  KNC  m/10000.  showed  a 
slightly  higher  rate  of  pH  decrease  in  the  KNC  lot  than  in  the  control. 
This  low  concentration  of  KNC  has  but  little  inhibiting  effect,  except 
when  its  action  ia  continued  for  a  day  or  more,  and  in  this  particular 
case  the  KNC  lot  showed  a  greater  motor  activity  than  the  control. 

All  determinations  of  table  I  were  made  wiUi  tai^,  physiologically 
old  worms,  16  to  25  mm.  in  length,  while  in  those  of  table  2  the  frorms 
were  considerably  younger,  only  8  to  10  mm.  in  length.  A  c<Ruparison 
of  tables  1  and  2  shows  that  the  smaller,  physiologically  younger  worms 
are  more  susceptible  to  KNC  than  the  larger,  older  animals,  althoufi^ 
no  exact  expression  of  this  difference  is  obtainable  from  the  data. 
The  tables  show  merely  that  the  retardation  in  the  rate  of  change  of 
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pH  in  KNC  m/1000  in  the  younger  animals  is  as  great  as,  or  greater 
than  that  in  the  older,  with  shorter  times  of  exposure  to  KNC  and 
althoi^  the  total  weights  of  the  lots  of  youi^  worms  are  only  oae-baK 
to  cme-tenth  thoee  of  the  old.  The  differences  in  suweptiWUty  indi- 
cated are  in  cnnplete  agreonent  with  thoee  previously  obeerved  in 
relation  to  physidogical  age  (4),  (7).  Moreover,  the  COt  prpduction, 
as  indicated  by  pH,  of  the  wonus  of  table  3  which  have  bera  starred 
about  50  days  is  much  more  nearly  like  that  of  the  young  animals  of 
table  2  than  that  of  the  older  animals  of  table  1,  a  fact  which  also 
agrees,  as  mif^t  be  expected,  with  the  results  of  the  direct  suscepti- 
bility method. 

In  table  4,  where  the  results  for  very  different  concentrations  are 
given,  only  a  few  charact«ri8tic  records  are  selected  fnan  among  a 
larger  number  obtained.  It  is  evident  that  with  decrease  in  concen- 
tration a  very  great  increase  in  time  of  exposure  is  possible  without 
death.  In  the  concentrations  used  in  series  688  and  693,  viz.,  m/20000 
and  m/25000,  there  is  probably  some  degree  of  acdimaticm.  The  effect 
of  m/20000  is  no  greater  after  61}  hours  in  series  688  than  of  m/25000 
after  21}  hours  in  series  693,  and  I  have  found  in  other  experiments 
that  some  degree  of  acclimation  may  occur  in  these  coacentratione. 

In  the  I'ecovery  determinations  it  was  not  infrequently  observed 
that  the  cyanide  lot  A  showed  a  higher  COi  production  in  relation 
to  tiie  control  than  in  the  preliminaiy  determinations.  Series  683, 
table  2  and  693,  table  4,  show  this  condition.  These  results  suggest 
the  occurrence  of  a  period  of  supernormal  COj  production  in  the  course 
of  recovei7,  but  further  data  are  necessary  to  establish  this  point. 

The  attempt  was  made  with  very  low  concentrations  and  short 
periods  of  exposure  to  determine  whether  a  stimulating  effect,  sudi 
as  has  been  observed  with  low  concentrations  (^  cyanides  in  vanom 
other  cases,  could  be  detected.  Animals  in  KNC  m/IOO,000  for  },  } 
or  1  hour  and  those  in  m/SOOOO  for  },  i  or  Ij  hour  showed  no  appre- 
ciable effect,  eitiier  of  stimulation  or  depression.  After  3  hours  in  KNC 
m/50000  or  f  hour  in  m/20000  there  was  very  slight  but  diiitinct  de- 
crease in  COi  production,  as  indicated  by  pH,  extending  over  at  least 
2  hours.  In  these,  as  in  the  series  with  hig^r  concentraticHis,  the  pH 
was  determined  after  removal  frcnn  the  cyanide. 

In  another  group  of  experiments  the  cyanide  was  made  up  in  the 
indicator  solution  and  brought  as  nearly  as  possible  to  the  same  pH 
as  the  water  by  tiie  addition  of  HCl  m/1000  and  the  COj  production 
in  this  solution  was  c«npared  with  that  of  the  control  in  water  and 
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with  that  oi  a  preliminary  determinatioa.  In  thefie  experiments  where 
COi  production  was  estimated  in  tlie  presence  of  KNC.  concentratioDS 
down  to  ni/250000  showed  apparently  a  distinct  inhibitii^  action  and 
even  in  tr/500000  some  slight  inhibition  seemed  to  occur.  These  data 
are  perhaps  not  very  conclusive  because  ot  the  difficulty  of  brining 
the  KNC  solution  to  the  same  pH  as  the  wat«r  and  because  of  the 
possibility  of  change  in  alkalinity  in  the  solution  itself.  No  indication 
of  stimulation  was  observed  in  any  case. 

THB  EFFECT  OF  CTANTDE   ON   SDBCBPTlBIUTr  TO   LACK  OF  OXTGSN 

For  determining  susceptibility  to  lack  of  oxygen  water  from  which 
the  oxygen  has  been  lai^y  removed  by  boiling  or  by  other  means  is 
used.  The  well  water  used  in  the  laboratory  has  so  low  an  oxygen 
content  before  aeration,  analysis  giving  only  a  trace  of  raygen,  that 
it  can  be  used  directly  for  this  purpose.  Susceptibility  to  lack  of 
oxygen  is  determined  by  observing  the  survival  times  of  animals  m 
small  volumes  of  low  oxygen  water,  sealed  so  as  to  avoid  entrance  of 
air.  In  my  experiments  the  same  pyrex  tubes  were  used  as  for  the 
CO]  experiments,  but  with  only  about  2  cc.  of  water.  Since  relative 
rather  than  absolute  susceptibility  is  of  interest  for  present  purposes, 
two  lots  of  individuals  to  be  compared,  consisting  of  three  or  four 
individuals  each,  may  be  placed  in  the  same  tube  and  so  be  under 
identical  conditions  as  regards  oxygen  and  COi.  If  the  animals  of  the 
two  lota  are  not  readily  distinguishable  by  size  or  other  external 
characteristics,  one  lot  may  be  marked.  e.g.,  by  cutting  off  a  bit  of  the 
posterior  end.  This  shght  injury  has  no  appreciable  effect  on  the  total 
susceptibility,  but  if  we  mark  the  lot  expected  to  show  the  lower  sus- 
ceptibility of  two  to  be  compared,  any  stimulation  which  mig^t  result 
will  only  decrease  the  difference  in  susceptibility  between  this  and  the 
other  lot. 

The  method  of  introducing  the  two  lots  into  the  same  tube  makes 
weiring  unnecessary,  for  it  makes  no  difference  whether  the  two  lots 
are  of  equal  weight  or  not.  It  is  of  course  also  possible  to  compare 
two  lots  of  equal  weight  in  different  tubes  with  equal  volumes  of  watei 
of  the  same  oxygen  content,  but  the  possibilities  of  error  are  greater 
with  this  method. 

In  order  to  make  certain  that  it  is  lack  of  oxygen  and  not  accumu- 
lation of  COj  that  kills,  sufficient  NaOH  may  be  added  to  make  NaOH 
m/1000.    This  concentration  is  well  below  the  toxic  limit  and  prevents 
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too  great  acidity  by  the  COj  produced.  By  adding  also  a  little 
phenolsulphonepbthalein  to  such  a  aolution  it  is  found  that  the  ftnimalB 
abnost  always  die  from  lack  of  oxygen  while  the  solution  is  still  alkaline, 
often  while  the  alkalinity  is  pH  8.2  or  more,  i.e.,  near  or  beyond  the 
limit  of  this  particular  indicator  on  the  alkaline  side.  It  is  perfectly 
clear  that  death  in  such  cases  results  from  lack  of  oxygen,  not  fr«n 
COj.  Moreover,  by  introducing  more  or  less  oxygen  into  such  a 
solution  life  may  be  prolonged  as  desired  or  recovery  may  be  brougbt 
about  after  partial  death  and  disintegration. 

The  first  visible  effect  of  lack  of  oxygen  in  Planaria  is  an  increased 
n^ative  geotaxis,  then  follows  a  decrease  and  loss,  beginning  in  the 
head  region,  of  the  ability  to  attach  to  the  substratum  and  creep  and 
of  muscular  activity  in  general.  Sooner  or  later  the  animftU  become 
completely  inactive  and  he  more  or  less  completely  relaxed  on  the 
bottom,  and  death  and  disintegration  follow.  These  changes  occur 
first  in  the  head  region  and  in  the  posterior  zodids  and  from  the  head 
they  progress  posteriorly  aiong  the  first  zooid.  In  other  words,  the 
gradient  of  susceptibility  to  lack  of  oxygen  is  the  same  as  that  to  the 
higher  concentrations  of  KNC  and  other  agents  (1),  (2),  (3),  (4),  (6), 
(9),  (17),  (19).  Disintegration  of  the  head  and  the  posterior  zodids 
may  occur  while  other  regions  are  still  alive  and  capable  of  recovery. 
In  Planaria  disintegration  follows  death  almost  at  once  or  perhaps 
may  precede  death  of  many  of  the  cells,  and  may  be  used  as  a  convenient 
criterion  of  death. 

There  can  be  no  doubt  that  this  susceptibility  to  lack  of  oxygen  is 
a  more  or  less  exact  measure  of  oxidative  metabolism  and  the  fact,  to 
which  attention  has  already  been  called,  that  it  shows  the  same 
regional  and  individual  differences  as  direct  susceptibility  to  other 
agents  is  significant  evidence  for  the  general  relation  between  suscepti- 
bility and  oxidative  metabolism. 

In  a  part  of  my  experiments  on  the  effect  of  cyanide  on  susceptibility 
to  lack  of  oxygen  the  control  and  the  cyanide  lot  after  exposure  to 
cyanide  were  placed  in  the  same  tube  in  low  (»cygen  water.  In  others 
lots  of  equal  weight  were  placed  in  different  tubes  in  equal  volumes  of 
water,  and  in  still  others  KNC  was  added  to  the  low  oxygen  water  in 
one  tube  and  the  susceptibility  in  this  solution  ccmipared  with  that  of 
a  lot  of  equal  weight  in  water.  Only  the  low  concentrations  of  KNC 
can  be  used  in  this  way  because  the  higher  concentrations  kill  the 
animals  before  they  are  affected  by  lack  of  oxygen.  Since  animals 
affected  by  cyanide  to  any  great  degree  show  less  motor  activity  than 
normal  animals,  the  heads  of  all  worms  were  removed. 
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The  data  for  six  series  are  given  in  table  5  in  general  fonn,  without 
detai's  of  the  pn^ress  of  death  and  disintegration.  Other  sericB  are 
essentially  stmilar  with  similar  results  to  some  one  of  these  six. 

In  the  first  three  series  of  the  table  the  animals  of  the  experimental 
lot  were  placed  in  KNC  for  three  or  four  houis  and  removed  to  water 
before  the  susceptibility  determination,  aa  indicated  by  "preceding" 
in  the  fourth  column  of  the  table,  and  KNC  and  control  lota  were 
placed  in  the  same  tube.  In  the  last  three,  lots  of  equal  weight  were 
used  and  the  KNC  was  added  to  the  low  (»cygen  water  of  the  one  tube 
of  the  pair  and  so  was  present  "during"  the  susceptibility  determi- 
nation, KNC  lot  and  control  being  .o  8eparat«  tubes. 

In  every  series  except  672  the  susceptibility  of  the  experimental 
(KNC)  lot  is  distinctly  greater,  with  the  higher  concentrations  much 

TABLES 
Effect  of  KNC  on  tHSceptihility  to  lack  of  oxygen 


„™ 

UHOTB 

o.T?Rc 

.»™.„, 

671 
670 
673 
675 
676 
672 

25 

25 
25 
25 
8-10 
25 

m/1000 
m/1000 
m/1000 
m/ 10000 
m/20000 
m/50000 

3  hours  preceding 

4  hours  preceding 
4  hours  preceding 
During 

During 
During 

Experiirental  lot  >  Control 
Experinr.ental  lot  >  Control 
Experircental  lot  >  Control 
EsperiirenUl  lot   >  Control 
Experinenta)  lot  >  Control 
Experimental  lot  ^  Control 

greater  than  that  d  the  control.  In  series  672  the  susceptibility  of 
the  control  was  at  first  slightly  greater,  but  in  later  stages  al)  indi- 
vidua'a  of  the  cyanide  lot  were  distinctly  more  susceptible.  Whether 
this  unusual  result  was  due  to  the  low  concentration  of  the  KNC  or 
to  other  incidental  factors  could  not  be  determined. 

Animals  in  KNC,  or  that  have  been  in  KNC,  are  then  more  sus- 
ceptible to  lack  of  oxygen  than  normal  animals.  Since  we  know  frran 
other  experiments  that  increase  in  rate  of  oxidation  increases  suscepti- 
biUty  to  lack  of  oxygen,  these  results  may  appear  at  first  glance  to 
indicate  that  KNC  increases  the  rate  of  oxidation.  Such  a  conclusion, 
however,  is  directly  opposed  to  all  that  we  know  in  general  concerning 
the  action  of  the  higher  concentrations  of  cyanides  on  protoplasm. 
Not  only  Doctor  Hyman's  resulte  on  oxygen  copsumption  and  my  own 
on  COi  production,  but  many  other  experimental  facta  indicate  very 
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clearly  that  the  cyanides  in  stmie  way  decrease  oxidation.  How  then 
shall  we  interpret  these  data  on  susceptibility  to  lack  of  wcygen? 

In  the  light  of  all  the  known  facts  there  is  every  reason  to  believe 
that  living  protoplasm  subjected  to  the  action  of  cyanides  is  is  much 
the  f^aiae  condition  as  when  subjected  to  lack  of  oxygen,  i.e.,  the 
cyanides  prevent  or  retard  in  some  way  the  oxidative  reactions  or 
certain  of  th^n  in  such  a  way  that  their  effect  is  additive  to  that  <^ 
lack  of  oxygen.  If  this  is  the  case,  the  lack  of  oxygen  in  my  experi- 
mente  continues  or  is  added  to  the  action  begun  by  KNC,  ccmsequently 
the  animals  subjected  to  cyanides  are  more  susceptible  to  lack  of 
oxygen  than  the  controls. 

This  fact,  that  cyanides  increase  susceptibihty  to  lack  of  oxygen, 
constitutes,  I  believe,  still  further  evidence  in  support  of  the  conclusitm 
that  cyanides  inhibit  oxidation  in  some  way  and  it  agrees  with  the 
conclusion  reached  by  Geppert  (26)  in  suggesting  Uiat  this  action 
consists  in  preventing  the  tissues  from  obtaining  or  fnMU  utilizing 
oxygen  which  is  present.  Such  an  effect  may  bo  due  to  destruction 
or  inactivation  of  oxidizing  enzymes  or  to  action  as  a  reducing  agent 
or  to  some  other  unknown  method  of  action. 

CONCLUSION   AND   SDMMAHY 

The  results  presented  above  are  far  less  striking  than  Doctor 
Hyman's  data  on  the  effect  of  cyanides  on  oxygen  consumption,  and  are 
to  be  regarded  as  merely  supplementary  to  them.  Doctor  Hyman  has 
measured  oxygen  consumption  in  the  presence  of  cyanides  while  I 
have  been  concerned  almost  wholly  with  what  remains  of  the  effect 
after  return  of  the  animals  to  water.  While  all  the  data  agree  as 
regards  the  effects  of  KNC,  they  permit  only  certain  general  con- 
clusions concerning  quantitative  differences  in  susceptibility,  but  these 
BO  far  as  they  go.  are  in  complete  agreement  with  the  conclusions 
drawn  from  experiments  of  other  sorts. 

The  points  of  chief  importance  are  summarized  as  follows: 

1.  A  colorimetric  method  with  phenolsulphoncphthalein  as  indicator 
can  be  readily  used  for  the  comparative  estimation  of  COj  production 
in  terms  of  pH  in  Planaria  dorotocepluda.  Differences  in  C0»  pro- 
duction with  physiological  age,  nutritive  condition,  etc.,  aie  easily 
demonstrated  by  this  method. 

2.  KNC  in  concentrations  ranging  from  m/500  to  m/25000  and  with 
periods  of  action  from»J  to  6Ii  hours  decreases  COj  production  in 
Planaria  dorotocepkala. 
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3.  If  the  exposure  to  KNC  is  not  too  long,  gradual  recovery  in  COi 
production  occurs,  apparently  with  a  supemonnsl  stage  near  the  end 
(tf  the  recovery  period. 

4.  Susceptibility  to  lack  of  oxygen  in  Planaria  shows  in  general  the 
same  regional  and  individual  dlEFerences  as  susceptibihty  to  cyanides 
and  other  toxic  agents.  KNC  increases  susceptibility  to  !ack  of  oxygen, 
i.e.,  an  animal  which  has  been  in  cyanide  dies  earlier  from  lack  of 
oxygen  than  a  normal  contro!  animal. 

5.  Since  cyanides  decrease  both  oxygen  consumption  and  COi  pro- 
duction in  Planaria.  the  increase  by  cyanide  in  susceptibility  to  lack 
of  oxygen  can  mean  only  that  cyanide  and  tack  of  oxygen  are  to  some 
extent  additive  in  their  action  on  Uving  protoplasm,  i.e.,  their  action 
must  be  in  certain  lespects  identical  or  similar  in  character. 
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We  showed  in  a  previous  paper  (1)  that  cat6  live  indefinitely  in  good 
health  after  excision  of  one  adrenal  and  section  of  the  nerves  of  the 
other,  an  operation  which  either  abolishes  the  output  of  epinephrin  from 
.  that  adrenal  or  reduces  it  to  a  small  fraction  of  the  normal.  It  is  well 
known  that  a  certain  proportion  of  rabbits  survive  double  adrenalec- 
tomy, in  our  experience  something  like  20  per  cent  (2).  Whether  this 
is  due  in  all  cases  to  the  presence  of  accessory  adrenals  or  not,  it  is 
clear  that  in  rabbits  also  the  epinephrin  secretion  of  the  adrenals  is 
not  indispensable  since  accessory  adrenals  conmst  only  of  cortical  tissue. 
lo  this  invest^tion  we  have  extended  the  observations  to  dogs  and 
monkeys,  with  the  same  result;  neither  the  length  of  life  nor  the  health 
of  the  animals  could  be  shown  to  be  in  any  way  affected  by  removal  of 
one  adrenal  and  sectiofi  of  the  nerves  of  the  other.  Some  protocols 
with  samples  of  tracings  used  in  assaying  the  epinephrin  in  the  adrenal 
vein  blood  at  the  time  the  animals  were  sacrificed  are  reproduced. 

■  CONDBN8ED    PBOTOCOL 

Dogtil.  Male.  Weight  e.Ot  k^pn. 

October  21,  1918.  Right  adrenal  exciMd,  It  weighed  0.55  gram  and  con- 
tained 0.47  mgm.  epinephrin.  Nervea  of  left  adrenal  cut  (major  and  minor 
aplancbnice,  and  all  twigs  seen  going  to  the  adrenal). 

November  11,  1918,    Condition  excellent,  weight  7.5  kgm. 

Under  morphine  and  ether,  obtained  a  specimen  of  blood  from  the  jugular 
TCin.  Then  made  cava  pocket  in  usual  way,  tying  abdominal  aorta  but  not  the 
eoeliae  and  mesenteric  arteries. 
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Collected  the  following  ■pecimens  of  adrenal  blood: 

Ut  specimen,  2.1  gramg  in  1)  miautea  (1.4  grams  per  minute) 

2Dd  specimen,  6.SS  grams  in  S  minutes  (1.37  grams  per  minute) 

3rd  specimen,  6.0  grams  in  6  minutes  (1.2  grams  per  minute) 

4th  specimen,  3.3  grams  in  4  minutes  (0.8  gram  per  minute) 

Now  obtained  additional  iadifferent  blood  from  the  jugular  and  a  sample  from 

the  abdominal  aorta.    The  left  adrenal  weighed  0.6^2  gram  and  contained  0.06 

mgro.  epinephrin. 


Fig.  1.  Intestine  tracings.  Bloods  from  dog  241.  At  8,  Ringer  was  replaced 
by  jugular  blood  and  this  at  7  by  the  4th  adrenal  specimen;  st  10  Ringer  was  re- 
placed by  jugular  blood,  and  this  at  II  by  jugular  blood  to  which  was  added 
adrenalin  to  make  a  concentration  of  1 :  62,500,000.  The  bloods  were  diluted 
with  three  volumes  Ringer  (the  sdreoslin  blood  after  adding  the  adrenalin) ;  at 
St  Ringer  was  replaced  by  jugular  blood  and  this  at  53  by  the  3rd  adrenal  spec- 
imen; at  Si  Ringer  was  replaced  by  jugular  blood  and  this  at  55  by  jugular  blood 
to  which  was  added  adrenalin  to  make  a  concentration  of  1  :  95,000,000.  The 
bloods  were  diluted  with  one  volume  Ringer  (the  adrenalin  blood  after  adding 
the  adrenalin).  As  in  all  the  other  figures,  time  is  marked  in  half-minutee.  (Re- 
duced to  one-half.) 

The  epinephrin  assay  of  the  adrenal  blood  (samples  of  the  tracings 
are  given  in  fig.  1)  showed  that  the  4th  specimen  was  much  weaker 
than  1:  62,500,000  adrenalin*  (observations  7  and  11).    Other  tracings, 

'  All  our  results  on  the  concentration  and  output  of  epinephrin  are  given  in 
terms  of  the  base,  the  amount  of  the  base  in  Parke,  Davis  &  Co.'s  adrenalin 
hydrochloride  solution  being  assayed  by  the  colorimetric  method  of  Folin, 
Gannon  and  Denis.  The  assay  of  freshly  opened  bottles  has  usually  yielded 
from  65  to  Sa  per  cent  adrenalin  base.  A  bottle  which  is  used  more  than  once 
is  always  re-assayed  from  time  to  time. 
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not  reproduced,  indicated  that  it  did  not  differ  much  from  1 :  125,000,- 
000.  The  2nd  and  3rd  specimens,  corresponding  to  the  greater  flow, 
were  weaker  than  the  4th,  the  2nd  being  decidedly  weaker  than  1 ;  125,- 
000,000  adrenalin.  This  was  confirmed  by  several  observations  (not  re- 
produced). In  figure  1  it  ia  shown  that  the  3rd  specimen  was  distinctly 
weaker  than  1 :  95,000,000  adrenalin  (observations  33  and  35). 
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The  first  three  dogs  in  the  table  n 
with  morphine  and  ether. 


e  BDeathetiied  with  ether  Alone,  the  reat 


Taking  the  4th  adrenal  specimen  at  1: 120,000,000  we  get  an  output 
of  0.0000065  mgm.  per  minute  for  the  dog,  or  0.0000009  mgm.  per 
Jdl<^nun  of  body  weight  per  minute.  The  normal  average  output  for 
dogs  under  the  conditions  of  our  experiments,  as  assayed  on  rabbit 
intestine  (and  uterus)  segments,  is  0.00022  mgm.  per  kilogram  per 
minute  (table  1).  The  output  had,  therefore  been  reduced  by  the 
operation  in  this  animal  to  less  than  yig  of  the  normal. 
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COITOKNBED  PROTOCOL 

Dog  lit.  Female.  Weight  B.ll  k^m. 

October  28,  IfllS.  Right  adrenftl  excised.  It  weighed  Q.^B  gram  aod  con- 
tained 0.47  rngm.  epinephriD.  Nerves  of  left  adrenal  cut  (major  and  minor 
spl&nohnics  and  all  branches  ssen  entering  gland;  supsrior  mesenterie  ganglion 
and  part  of  eoeliac  ganglion  also  excised). 

November  22,  1918.  Condition  excellent.  Weight  5.9  kgm.  Under  mor- 
phine and  ether  collected  jugular  blood,  then  made  cava  pocket  in  usual  way, 
tying  abdominal  aorta  but  not  the  coeliac  and  mesenteric  arteries. 

Collected  adrenal  blood: 

11.35  a.m.  1st  specimen  0.6  gram  in  30  seconds  (1.2  grams  per  minute).  3nd 
specimen  6.15  grams  in  6  minutes  (1.2  grams  per  minute) 

11.55  a.m.  Injected  intravenously  0.3  rogm.  strychnine  sulphate— clonic 
spasms 

11.59  a.m.  Srdspecimen,  0.75  gram  in  30  seconds  (1.5  grams  per  minute).  4th 
specimen,  6.06  grams  in  4  minutes  (1.5  grams  per  munite) 

12.36p.m.  Stfaapecimen,  0.55graffiin30Beconds  (l.lgramsperminute).  6th 
specimen,  6.9  grams  in  6  minutes  (1.0  gram  per  minute) 

Now  obtained  more  indifferent  blood  from  abdominal  aorta. 

Left  adrenal  weighed  0.491  gram  and  contained  0.5S  mgm.  epinephrin 

The  epinephrin  assay  of  the  adrenal  vein  blood  (a  few  of  the  tracings 
are  reproduced  in  fig.  2)  gave  no  indication  that  any  epinephrin  what- 
ever was  present,  although  the  segments  used  for  the  assay  were  more 
than  usuaUy  sensitive.  We  have  shown  elsewhere  (3)  that  atrychoine 
causes  a  marked  and  sustained  increase  in  the  rate  of  liberation  of 
epinephrin,  doubtless  through  the  nervous  mechanism.  Yet  neitJier 
before  nor  after  strychnine  could  any  epinephrin  be  detected  in  the 
adrenal  vein  blood.  It  was  found  that  with  indifferent  blood  made  up 
to  a  concentration  of  1 :  165,000,000  adrenalin  and  then  diluted  with 
three  volumes  of  Ringer's  solution,  adrenalin  was  easily  detected. 
Indifferent  blood  made  up  to  a  concentration  of  1 :  330,000,000  adren- 
alin and  then  diluted  with  its  own  volume  of  Ringer  produced  a 
definite  inhibition  of  the  intestine  segment.  When  the  weight  on  the 
lever  was  increased  the  reaction  became  still  more  delicate,  so  that 
indifferent  blood  made  up  with  adrenalin  to  a  concentration  of  1 :  5O0,- 
000,000  and  then  diluted  with  an  equal  volume  of  Ringer's  solution 
gave  a  distinct  effect  (observation  29,  fig.  2),  as  did  a  concentration  of 
1 :  650,000,000  (observation  33).  Even  a  concentration  of  1:800,000,- 
000  could  be  plainly  detected  (observation  35,  fig.  2),  while  the  6th 
adrenal  blood  specimen  similarly  diluted  gave  no  inhibition  whatever 
(observation  31).  Numerous  additional  observations  (not  r^rodaced) 
were  made,  but  no  evidence  was  obtained  that  any  of  the  adrenal 
specimens  contained  epinephrin. 
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The  output  could  Dot  have  beeo  as  much  as  0.000001  mgm.  per 
minute  for  the  dog,  or  0.0000002  mgm.  per  kilc^ram  per  minute,  i.e. 
not  Ti^iT  of  the  normal  output.  The  section  of  the  nerves  was,  there* 
fore,  complete.  The  failure  of  strychnine  to  excite  any  detectable 
secretion  confirms  this  conclusion. 

Although  in  these  experimeuts  the  condition  of  the  animals  at  the 
time  they  were  sacrificed  for  the  determination  of  the  reaidual  output 
of  epinephrin  was  bo  good  that  there  could  be  no  reasonable  doubt 
that  they  would  have  survived  indefinitely,  the  next  dog  was  allowed 


Fig.  2.  Intestine  tracingB.  Bloods  from  dog  342.  At  18,  SO,  SB  and  Si  Ringer 
wu  replaced  by  indifferent  blood  to  which  was  added  adrenalin  to  make  a  con- 
centration of  1 :  500,000,000;  at  SI  by  the  6th  adrenal  specimen ;  at  M  by  indif- 
ferent blood  to  which  was  added  adrenalin  to  make  a  concentration  of  1 :  950,000,- 
000  and  at  SS  by  indifferent  blood  to  which  was  added  adrenalin  to  make  a 
ooneentration  of  1 ;  800,000,000.  All  the  blooda  were  diluted  with  one  volume 
Ringer  (the  adrenalin  bloods  after  adding  the  adrenalin).     (Reduced  to  one-half.) 

to  live  for  a  longer  period  (eighty  days).  For  the  detennination  of  the 
degree  in  which  the  epinephrin  output  has  been  suppressed  by  the 
operation  this  longer  survival  period  has  one  disadvantage,  namely,  the 
possibility  that  regeneration  of  the  secretory  fibers  may  have  occurred 
before  the  residual  output  of  epinephrin  is  estimated. 

COKDEKeSD  PROTOCOL 

Dog  S4S.  Mate.  Weight  8.6  kgm. 

October  28,  1918.    Right  adrenal  excised.    It  weighed  0.428  gram.    Nerves 
of  left  adrenal  cut  aa  in  dog  241.    The  animal  made  a  rapid  recovery. 
January  16,  IS19.    Condition  excellent.    Weight  7.&kgm. 
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UDder  morphine  and  ether  obtained  a  sample  of  jugular  blood.  Then  made 
cava  pocket  as  in  the  other  dogs,  and  collected  adrenal  blood. 

12.45  p.m.  1st  specimen,  2.05  grams  in  30  seconds  (4.1  Krams  per  minnte). 
2nd  specimen,  S.35  grams  in  2  minutes  (4.1  grams  per  minute) 

12. ISO  p.m.  Injected  O.G  mgm.  stryclmine  sulphate  intravenously.  Tonic 
convulsions.    Artificial  respiration  started.    Collected  adrenal  blood. 

12.60}  p.m.  3rd  specimen,  1.15  grams  in  30  seconds  (2.3  grams  per  minuu). 
4th  specimen,  5.5  grams  in  2  minutes  (2.75  grains  per  minute) 

l.OS  p.m.  Convulsions  ceased;  spontaneous  respiration  going  on,  with  hyper- 
pnoea.    Stopped  artificial  respiration. 

1,15  p.m.  Reflexes  still  euigger&ted.  Collected  adrenal  blood.  5tb  spec- 
imen, 2.5  grams  in  45  seconds  (3.3  grams  per  minute).  6tb  specimen,  6.0  grams  in 
2  minutes  (3.4S  grams  per  minute) 

Now  obtained  blood  from  abdominal  aorta.    Left  adrenal  weighed  0.49  gram. 


Fig.  3.  Intestine  tracings.  Bloods  from  dog  243.  At  SS,  S7  and  H  Ringer  was 
replaced  by  jugular  blood  and  this  at  38  by  jugular  blood  to  which  was  added 
adrenalin  to  make  a  concentration  of  1: 10,000,000;  at  38  by  jugular  blood  to 
which  was  added  adrenalin  to  make  a  concentration  of  1:  8,000,000;  at  it  by  the 
2nd  adrenal  specimen.  All  of  the  bloods  were  diluted  with  one  volume  Ringer 
(the  adrenalin  bloods  ffter  adding  the  adrenalin).    (Reduced  to  one-half.) 

The  epinephrin  assay  showed  tliat  the  2nd  adrenal  specimeii  bad  a 
concentration  less  than  1:7,000,(M)0  and  greater  than  1:10,000,000 
(fig.  3,  observations  36  and  42 — confirmed  by  several  pairs  of  observa- 
tions not  reproduced).  Observation  38  (fig.  3)  indicates  that  the  2i)d 
specimen  was  somewhat  less  than  1:8,000,000.  The  4th  ^>eciinea 
(taken  after  strychnine  injection)  had  a  much  greater  concentrati<ai 
than  1 :  7,000,000  and  was  stronger  than  1 : 4,000,000  (fig.  4,  observa- 
tions 44  to  56).  Figure  5  (observations  58,  00  and  62)  shows  that  the 
4th  specimen  did  not  differ  much  from  1 : 2,800,000.  It  was  decidedly 
stronger  than  1:4,000,000  and  much  weaker  than  1: 1,300,000  (fig.  5, 
observation  64).  Qualitatively  the  4th  specimen  was  found  to  be 
much  stronger  than  the  2nd  (intestine  observations  not  reproduced, 
confirmed  by  uterus  observations  80  and  81,  fig.  6).  The  assay  indi- 
cates that  the  difference  between  the  4th  and  2nd  specimens  is  more 
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than  can  be  accounted  for  by  the  difference  in  the  blood-flows.  Taking 
tlie  2nd  specimen  at  1 : 9,000,000,  we  get  0.00045  mgm.  per  minute  for 
the  d(%,  or  0.00006  mgm.  per  kilogram  per  minute,  ie.,  ^  to  ^  of  tbe 


Fig.  4.  Intestine  tracings.  Bloods  from  dog  243.  At  iS,  47,  SS  and  SS  Ringer 
was  replaced  by  jugular  blood,  and  this  at  M  and  Si  by  the  4th  adrenal  Bpee- 
imen;  at  4S  by  jugular  blood  to  which  was  added  adrenalin  to  make  a  concentra- 
tion of  1  ■■  7,000,000;  at  S6  by  jugular  blood  to  which  was  added  adrenalin  to  make 
ft  concentratioD  of  1 :  4,000,000.  All  the  bloods  were  diluted  with  one  volume 
Ringer  (the  adrenalin  bloods  after  adding  the  adrenalin).    (Reduced  to  one-half.) 


Fig.  6.  Intestine  tracings.  Bloods  from  dog  243.  At  57,  59,  61  and  69  Ringer 
was  replaced  by  arterial  blood  and  this  at  SS  by  arterial  blood  to  which  was  added 
adrenalin  to  make  a  concentration  of  1 :  2,800,000 ;  at  60  by  the  4th  adrenal  spec- 
imen ;  at  St  by  arterial  blood  to  which  was  added  adrenalin  to  make  B  concentra- 
tion of  1 :  4,000,000 :  at  Bi  fay  arterial  falood  to  which  was  added  adrenalin  to  make 
a  concentration  of  1 :  1.300.000.  The  bloods  were  diluted  with  one  volume  Ringer 
(the  adrenalin  bloods  after  adding  the  adrenalin).    (Reduced  to  one-half.) 

normal  output  for  both  adrenals.  This  would  correspond  to  i  to  | 
the  normal  output  for  the  denervated  adrenal.  As  we  have  never 
found  BO  great  an  output  after  this  operation  when  the  assay  was  made 
two  or  three  weeks  after  the  operation,  the  suggestion  is  that  some 
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TOgeoeration  must  have  occurred.  This  conduaioii  is  strengtbened 
by  the  fact  that  Btrychnine  seems  to  have  increased  the  output. 
Thus,  if  the  4th  specimen  is  taken  at  1 : 2,800,000, 
the  output  per  minute  after  strychnine  would 
be  0.001  mgm.  for  the  dog  or  0.00013  mgra.  per 
ki]<^ram  per  minute,  about  double  the  initial  out- 
put. The  increase  is  not  very  great  compared  with 
that  usually  caused  by  strychnine  in  a  nonnal  ani- 
mal, but  this  may  be  because  r^^eration  was  in- 
complete at  the  time  the  animal  was  sacrificed.  In 
any  case  we  should  not  venture  to  draw  from  this 
experiment  the  definite  conclusion  that  regenostion 
of  these  fibers  had  occurred  to  a  substaDtial  extent 
in  the  eighty  days  since  the  operation.  It  is  always 
possible  in  the  present  sta^e  of  our  knowledge  of 
these  secretory  paths  that  owing  to  some  anomaly 
a  large  portion  of  the  fibers  was  spared  by  our 
operation.  Our  only  ground  for  considerii^  this 
to  be- improbable  is  that  we  have  not  encountered 
the  condition  when  the  interval  of  survival  was  only 
a  few  weeks. 

The  normal  output  of  epinephrin  was  estimated 
in  two  monkeys. 


Fig.  6.  Uterus 
traciDgB.  Bloods 
from  dog  243.  At 
80  Ringer  was  re- 
placed by  the  4th 
adrenal  epecimen; 
at  81  by  the  2nd 
adrenal  specimen. 
The  bloods  were 
diluted  with  ten 
Tolumee  Ringer. 
(Reduced  to  one- 
half.)  ' 


CONnlNBEP  PROTOCOL 

Maeaeui  eynomolgtnJ    Female.    Wtight  t.5l  kffm. 

Under  morphine  and  uretbane  a  sample  of  blodd  was  drawn  from  the  internal 
jugular  vein.  Then  the  cava  pocket  was  made  as  in  the  other  experiments,  the 
abdominal  aorta  being  tied,  but  not  the  coeliac  or  mesenteric  arteries.  Adienal 
blood  was  collected: 

let  specimen,  3.4  grams  in  1  minute  (3.4  grams  per  minute} 
2nd  specimen,  7.0  grams  in  3  minutes  (2.33  grama  per  minute) 
3rd  specimen,  4.95  grams  in  3  minutes  (1.65  grams  per  minute) 
More  jugular  and  same  arterial  blood  was  now  obtained.    The  right  adrenal 
weighed  0.2S6  gracn,  the  left  0.283  gram. 

It  was  found  at  autopsy  that  a  vein  coming  from  the  upper  pole  of  the  right 
adrenal  passed  up  through  the  liver  before  entering  the  cava.  The  blood  from 
this  vein  which,  from  ita  size,  probably  carried  about  one-third  of  the  blood  fr]{U 


'In  a  previous  paper  thia  animal,  an  immature  specimen  showing  complete 
permanent  set  of  teeth  with  exception  of  the  third  molars  above  and  below, 
was  incorrectly  referred  to  aa  a  baboon. 
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that  adrenal,  vould  not  be  collected  in  clipping  off  the  catr  pocket.  Thia  vein 
waa  Been  in  the  other  monkeys  operated  on  and  muat  always  be  taken  account  of. 
Hm  main  adrenal  vein  from  the  right  gland  entered  the  cava  at  about  the  level 
usual  in  the  dog  and  the  blood  from  it  oould  be  collected. 

,It  was  shown  on  rabbit  e^mentB  that  the  3rd  ^>ecimen  was  stronger 
than  the  2nd,  corresponding  to  the  smaller  flow;  that  the  2ad  and  ^ 
specimens  were  stronger  than  1 : 7,000,000  and  weaker  than  1 :  2,750,- 
000  adrenalin;  that  the  3rd  specimen  was  somewhat  stronger  than 
1 : 4,800,000  and  somewhat  weaker  than  1 : 4,000,000  while  the  2nd 
specimen  was  somewhat  weaker  than  1 :  5,500,000. 

Taking  the  2nd  specimen  at  1 :  6,000,000  we  get  an  output  of  0.0004 
nkgm.  per  minute  for  the  animal,  or  correcting  for  the  loss  of  a  portion 
of  the  blood  from  t^e  right  adrenal,  say  0.0005  mgm.,  i.e.,  0.0002  mgm. 
per  kilogram  of  body  weight  per  minute.  Taking  the  3rd  specimen  at 
1 : 4,300,000,  we  get  the  same  output. 

In  another  monkey  (Macacus  rhesus)  weighing  8.4  kilograms  the 
output  with  an  adrenal  blood  flow  of  7.5  grams  per  minute  was  0.0013 
per  minutfi  for  the  animal,  or  0.00015  mgm.  per  kilogram  per  minut«. 
The  right  adrenal  weighed  0.465  gram.  The  left  adrenal  weighed 
0.48  gram. 

In  two  monkeys  (Macacus  rhesus)  the  adrenal  operation  (excision 
of  the  right  gland,  den^ration  of  the  left)  was  performed  in  the  usual 
manner.  One  of  the  ftnimalH  was  sacrificed  aft«-  twenty-two  days  for 
estimation  of  any  residual  epinephrin  output.  It  was  at  that  time  in 
excellent  condition  and,  so  far  as  could  be  made  out,  unaffected  in  any 
way  by  the  loss  of  the  epinephrin  secretion.  The  other  monkey*  was 
allowed  to  survive  and  is  still  alive  and  well  five  months  after  the 
operation.  His  weight  is  precisely  the  same  as  at  the  time  of  the  opera- 
tion. The  condensed  protocol  of  the  monkey  which  was  sacrMced 
follows: 

CONDEMBBD  PROTOCOL 

Macacus  rheiitt,  Male. 

October  29,  1918.  Right  adrenal  e^tcised.  It  weighed  0.325  gram  and  con- 
tained 0.S2  mgm.  epinephrin.  The  left  adrenal  was  denervated.  Recovery  was 
rapid,  and  the  animal  was  active  the  next  day. 

November  20,  1918.     Condition  excellent.     Weight  4.1  kgm. 

Under  urethane  obtained  inditTcrent  (internal  jugular)  blood.  Then  made 
cava  pocket  as  in  the  other  animals.    Collected  adrenal  blood. 

1st  specimen,  2.8  grams  in  1  minute  (2.8  grams  per  minute) 

2nd  specimen,  5.45  grams  in  2  minutes  (2,72  grams  per  minute) 

3rd  specimen,  7.05  grams  in  3  minutes  (2.35  grama  per  minute) 
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4th  epecimen,  S.7fi  srams  in  3  miDut«B  (1.91  graiDB  p«r  minute} 

Now  obtained  more  venom  blood  through  eonnulA  puebed  into  right  heart 

through  inierior  cava  and  also  some  arterial  blood.    Left  adrenal  weighed  0.442 

gram  and  contained  0.66  mgm.  epiaephrin. 

With  the  rabbit  intestine  and  uterus  segmente  none  of  the  adrepal 
specimens  gave  any  reaction  from  which  the  presence  of  epinephriD 
could  be  deduced.    Samples  of  the  tracings  are  reproduced  in  figures 
7  to  9.    In  figure  7  it  ib  shown  that  the  4th  specimen  could  not  have 
contained  epinephrin  even  in  a  con- 
centration of  1:  130,000,000.    Even 
with  the  undiluted  blood  tlie  3rd 
specimen  produced  no  definite  inhibi- 
tion of  the  intestine  (fig.  8,  observa- 
tion 22).    Another  test  with  the  3rd 
specimen  immediately  after  obser^ 
tion   30  gave  an  absolutely  n^a- 
tive  result.     Yet  the  segment  gave 
a  distinct  reaction  with  1 :  330,000,000 
adrenalin  in  indifferent  blood  (obaer- 
vatioD  30),  a  stronger  reaction  with 
1 :  160,000,000  and  a  marked  effect 
with  1:80,000,000. 
Fig.  7.  Intestine  tracings.  Bloods         n  „a8  confirmed  on   the    uterus 

from  monkey,  whose  right  adrenal     .i.   .    .i.         . ■  . 

_  ■    J      J I  I.    J        ■  J  that  the  adrenal  specimens  caused 

was  excised  and  left  adrenal  dener-       _  ,.,,.,  ,._  —  . 

vated  22  days  prior  to  experiment.  ^^*^  'f^ch  did  not  differ  suffia- 
At  la  and  IT  Ringer  was  replaced  ently  from  those  produced  by  in- 
by  venous  blood  and  thii  at  ti  by  different  blood  to  permit  the  condu- 
the  4th  adrenal  specimen;  at  18  by  gjo^  that  they  contained  epinephrin. 
venous  blood  to  which  was  added  rpL.„  iu„  :„„_„„„  „*  i„„„-„j..„j 
.,.._,  ...        Inufl,  tne  mcrease  of  tone  produced 

adrenalin  to  make  a  concentration     .       ,         ,  .  ,.    , 

of  1:130,000,000.  The  bloods  were  by  the  4th  specimen  was  little  greater 
diluted  with  one  volume  Ringer  than  that  produced  by  indifferent 
(the  adrenalin  blood  after  adding  (arterial)  blood  (fig.  9,  observations 
the  adrenalin).  (Reduced  to  one-  33  (mj  34j_  -jhe  effect  caused  by 
^  the  ^rd    specimen  was  no  greater 

than  that  caused  by  indifferent  (venous)  blood,  althou^  adrenalin  in 
a  concentration  of  1 :  80,000,000  in  the  indifferent  blood  gave  a  good 
rise  of  tone  (fig.  9,  observations  43  to  45). 

Since  our  last  paper  (1)  on  this  subject  was  published  we  have  had 
the  opportunity,  in  corjiection  with  other  researches,  of  estimating  the 
residual  output  of  epinephrin  after  excision  of  one  adrenal  and  deaerva- 
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tion  of  the  other  in  a  considerable  number  of  cats,  which  were  allowed 
to  survive  long  enough  to  recover  completely  from  the  effects  of  the 
operation.  The  results  are  combined  in  table  2,  which  supplements  t^e 
similar  data  already  published  in  tabular  form  in  t^  previous  paper  (4). 


Fig.  6.  Intestine  tracings.  Blotids  from  same  monkey  aa  in  figure  7.  At  SJ, 
>S,  17  and  19  Ringer  was  replaced  by  arterial  blood  and  thia  at  >t  by  the  3rd 
adrenal  specimen ;  at  16  by  arterial  blood  to  which  was  added  adrenalin  to  make  a 
concentration  of  1 :  160,000,000;  at  18  by  arterial  blood  with  adrenalin  to  moke  a 
concentration  of  1:  80,000,000;  at  SO  by  arterial  blood  with  adrenalin  added  to 
moke  a  concentration  of  1 :  330,000,000.  The  bloods  were  not  diluted  before 
application  to  the  segment.    (Reduced  to  one-half.) 


Fig.  0.  Uterus  tracings.  Bloods  from  same  monkey  as  in  figures  7  and  S.  At 
93  Ringer  was  replaced  by  arterial  blood;  at  Si  by  the  4th  adrenal  specimen. 
The  bloods  were  diluted  with  five  volumes  Ringer.  With  another  uterus  seg- 
ment, at  43  Ringer  was  replaced  by  the  3rd  adrenal  specimen;  at  M  by  veDoni 
blood  with  adrenalin  added  to  make  a  concentration  of  1 :  80,000,000,  and  at  4S  by 
venous  blood.  The  bloods  were  diluted  with  one  volume  Ringer  (the  adrenalin 
blood  after  adding  the  adrenalin).     (Reduced  to  one-half.) 
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Five  cats,  not  included  in  the  table,  were  sacrificed  in  experiments 
which  did  not  permit  an  assay  of  the  adrenal  blood.  They  had  survived 
for  a  period  of  from  ten  to  sixty-two  days  in  good  health. 

Since  it  is  important  for  estimating  the  degree  in  which  the  epinephrin 
output  has  been  affected  by  denervation  or  by  any  other  procedure,  to 
establish  on  the  basis  of  as  large  a  number  of  observations  as  possiUe 


HOUUL 

LiaiunoK 

Dx-nimwL 

PirmiDuto 

PM-kikcnm 
pnmiout* 

OrUATUIH 

k»m. 

■v*. 

mtM. 

201 

2.575 

0.000012 

0.0000045 

A 

18 

ao2 

2.645 

0.000007 

0.000003 

Th* 

8 

215 

2.38 

0,00007 

0,00003 

A 

69 

219 

2.54 

0.000046 

0.000018 

A 

27 

231 

3.08 

0  00003 

O.OOOOI 

A* 

33 

233 

2.62 

0. 000033 

0.000013 

A 

36 

335 

2.25 

0.000002 

0.0000009 

>i«* 

40 

277 

1.75 

0.000055 

0.00003 

tt 

21 

304 

2.15 

0.000033 

0. 000016 

A 

46 

*  In  these  cats  there  was  do  evidence  that  any  epinephrin  was  being  liberated. 
The  amount  given  in  the  table  is  such  as  could  have  been  detected  hj  the  test 
objects. 

t  Strychnine  was  administered  before  collection  of  the  adrenal  blood;  this 
may  have  increased  the  output,  so  that  the  amount  indicated  by  the  assay  is 
probably  higher  than  the  actual  residual  liberation. 

In  cat  215,  assay  fay  eye  reactions  gave  an  output  of  0.00014  mgm.  per  minute 
for  the  animal,  or  0.O0006  mgm.  per  Icgm.  per  minute,  i.e.,  about  |  of  the  normal 
average.  In  cat  233,  assay  by  eye  reactions  gave  an  output  of  0.00006  mgm.  per 
minute  for  the  animal,  or  0.000023  mg^.  per  kilogram  per  minute,  i  e.,  A  of  the 
normal  average. 

the  normal  average  output  and  the  normal  rai^e,  additional  data  on 
cats  are  collected  in  table  3-  All  the  assays  given  in  tables  1  to  3  were 
made  on  rabbit  intestine  (and  uterus)  segments. 

The  average  output  of  epinephrin  per  kgm.  of  body  weight  per  minute 
for  the  urethanized  cats  is  0.00025  mgm.,  the  same  as  that  given  in  the 
previous  paper  (1).  The  average  for  the  16  etherized  cats  is  O.O002 
mgm.  The  average  for  the  45  cats  included  in  table  2  of  the  previous 
paper  and  table  3  of  this  paper  is  0.00023  mgm.  per  kgm.  per  minute. 
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TABLE! 


«oo»«^w                1 

^^UH 

mniau 

■ODT 

OT 

Otuu 

UiD- 

B«<>»b 

Gruu    to 

Pw 

Pot 
kilotram 

miDuta 

tfM. 

«niiiu 

mtm. 

Mtn. 

ao4 

3.2B 

0.60 

6.4 

30 

12.8        1 

14,000,000 

0.0009 

0.00027 

205 

2.7 

0.68 

7.3 

3 

2.4        1 

4,000,000 

0.0006 

0.0002 

310 

2.9 

0.583 

3.7 

7 

0.6       1 

800.000 

0.0006 

0.0002 

211 

2.8 

0.68 

3.5 

4 

0,9       1 

2,000,000 

0.0006 

0.0002 

212 

2.2 

0.496 

4.3 

3 

1.43     1 

3,200,000 

0.00045 

0.0002 

213 

2.67 

0.468 

9.8 

3 

3.3       1 

3,500,000 

0.001 

0.00037 

214 

2.36 

0.348 

7.0 

3 

2.3       1 

2,000,000 

0.0011 

0.00046 

222 

2.17 

0.298 

7.0 

3 

2.3       1 

5,500,000 

0.0004 

0.0002 

223 

3.47 

0.462 

6.1 

2 

30 

2.45     1 

2.500,000 

0.001 

0.0003 

22S 

2.05 

0.202 

3.7 

3 

1.2       1 

2,400,000 

0.0005 

0.00025 

228 

2.5 

0.492 

5.2 

1 

30 

3.6       1 

8,800,000 

0.0006 

0.00024 

229 

2.07 

0.387 

4.7 

3 

1.6       1 

2.200,000 

0.0007 

0.00035 

230 

2.08 

0.412 

4.75 

3 

i.e     1 

2,500,000 

0.0006 

0.0003 

238 

1.64 

0.288 

6.3 

3 

1.7       1 

5,000,000 

0.00034 

0.0002 

239 

2.41 

0.35 

4.6 

2 

2.3       1 

5,000,000 

0.00046 

0.0002 

258 

2.7« 

0.323 

6.06 

3 

2.0       1 

4,800,000 

0.00042 

0,00015 

2fifl 

4.1 

0.73 

9.05 

2 

4.6       1 

4,500,000 

0.001 

0.00025 

281 

4.37 

0.553 

7.8 

2 

3.9       I 

4,500,000 

0.00087 

0.0002 

282 

3.1 

0.61 

6.7 

2 

2.9       1 

3,000,000 

o.ooog 

0.0003 

283 

3.38 

0.33 

5.65 

2 

2.8       1 

7,000,000 

0.0004 

0.00012 

284 

2.85 

0.602 

4.0 

2 

2,0       1 

7,000,000 

0.0003 

0-0001 

286 

4.4 

0.553 

9.2 

2 

4.6       1 

6.600,000 

0.0007 

0.00016 

286 

4,0 

0.372 

7.1 

1 

30 

4.7       1 

6,500,000 

0.00072 

0.00018 

287 

3.71 

0.376 

4.8 

3 

1.6       1 

6.500,000 

0.00036 

0.0001 

288 

2.176 

0.37 

4.2 

2 

2.1       1 

3,800,000 

0.00066 

0.00025 

289 

2.83 

0.342 

6.0 

3 

2.0       1 

1,300,000 

0.0015 

0.0005 

290 

2.265 

0.296 

3.3 

3 

I.l       1 

2,000.000 

0.00055 

0.00025 

292 

2.07 

0,278 

2.35 

5 

0.6       1 

1,300,000 

0.0004 

0,0002 

293 

3.865 

0.377 

8.8 

I 

30 

5.87     I 

9,000,000 

0.00066 

0.00017 

294 

2.73 

0,316 

6.85 

1 

30 

4.8       1 

6,600,000 

0-0007 

0.00025 

295 

2.9 

0.372 

6.46 

2 

3.2       1 

8,800,000 

0.0005 

0.00017 

296 

2.0 

0.216 

3.7 

4 

0.92     1 

2,300,000 

0.0004 

0.0002 

298 

3.36 

0.418 

6.35 

3 

1.8       1 

3,000,000 

0.0006 

0.00018 

303 

4.82 

0.66 

9.05 

1 

30 

6.0       1 

6,000.000 

0.001 

0.0002 

305 

3.41 

0.312 

6.8 

2 

3.4       1 

6.000,000 

0.00057 

0.00017 

The  firet  19  cats  in  the  table  (down  to  and  including  cat  21 
with  urethane,  the  rest  nith  ether. 


)  were  anesthetised 
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CONCLUSION 

In  d<^  and  monkeys,  as  previously  showD  for  cats  and  rabbits,  the 
liberation  of  epinephrin  from  the  adrenals  is  not  indispensable  for  life 
and  health. 
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THE  GASTRIC  RESPONSE  TO  FOODS 

II.  A  Fa&cnoNAL  Studt  or  the  Coaodlatioh  op  Milk   m  the 
BciUN  Stomach* 
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From  Iht  Laboratory  of  Pkynologieal  Cftemitlry,  Jtferion  tfadicol  CciUgt, 
PhUadtlvhia 

Rec«ired  for  publication  March  8,  1919 

In  the  course  of  our  experiments  upon  the  gastric  response  to  foods, 
we  were  particular^  fortunate  in  securing  the  cooperation  of  a  normal 
man,  thirty-one  years  of  age,  who  had  the  unique  ability  to  deliver 
samples  of  stomach  contents  at  will.  Not  only  could  this  man  com- 
pletely empty  his  stomach  at  any  desired  stage  in  the  process  of 
digestion  but  he  could  also  give  us  small  samples  at  short  intervals 
throt^out  the  entire  gastric  cycle.  In  othw  words,  we  could  make  a 
fractional  examination  (A  his  stomach  contents  without  recourse  to  a 
stomach  tube.  Inasmuch  as  this  regurgitator  was  to  be  available 
for  only  a  short  time,  we  decided  to  study  milk  coagulation  at  the  out- 
set of  our  observations.  These  studies  told  us  much  of  interest.  For 
example,  we  learned  that  raw  whole  cows'  milk  forms  a  large  hard 
curd  whereas  boiled  milk  curds  in  a  much  finer  and  softer  form ;  that 
the  presence  of  much  cream  (milk  fat)  in  the  milk  insures  the  formation 
of  particularly  soft  curda  which  are  slow  to  leave  the  stomach;  that 
skimmed  milk  yields  a  particularly  hard  curd  due  to  the  absence  of 
fat;  that  pasteurized  milk  shows  smaller  curds  than  the  raw  whole 
milk  but  larger  than  the  boiled  whole  milk;  that  cold  milk  coagulated 
more  slowly  thai^.warm  milk,  and  that  milk  drunk  very  slowly,  or 
"sipped,"  curds  in  larger  curds  and  leaves  the  stomach  more  slowly 
than  similar  milk  drunk  very  rapidly. 

The  only  other  experiments  in  which  a  regui^tator  was  used  in  the 
study  of  milk  curding,  so  far  as  we  are  aware,  are  those  of  Brenne- 
mann  (I).  However  in  the  case  of  Brennemann's  work  no  attempt 
was  made  to  follow  the  milk  tbroi^  the  various  stages  of  its  coagula- 

>  The  expeoaeaof  thia  invMtigation  were  defrayed  by  a  fund  furDishedby  Mra. 
M.  H.  Henderson,  the  Curtis  Publbhing  Co.  and  Dr.  L.  M.  Halsey. 
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tion,  the  experimentAl  procedure  simply  embracing  the  eompUte  empty- 
ing of  the  stomach  at  a  certain  time  (usually  thirty  minutes)  after 
drinking  the  milk.  He  did,  however,  get  a  line  upon  the  curding 
sequence  in  certain  cases  by  emptying  the  stomach  at  different  inter- 
vals upon  successive  days.  In  spite  of  the  variation  in  our  plan  of 
experimentation  we  have  nevertheless  be^  able,  wherever  our  inves- 
tigation overlapped  that  of  Brennemann,  to  verify  him  in  remarkable 
detail. 

EXPERIUENTAL 

Studies  of  two  kinds  were  made — one  in  which  small  samples  of 
stomach  contents  were  regurgitated  at  intervals  throughout  the  curd- 
ing period  of  the  milk,  the  other  in  which  the  stomach  was  completely 
emptied  a  half-hour  after  a  pint  of  milk  had  been  ingested.  ITnleas 
otherwise  stated  the  experimente  were  made  before  breakfast  on  an 
empty  stomach.    Typical  protocok  follow: 

Experiment  I.  Ram  whoU  milh. 

Five  hundred  cubic  centimeters  of  milk  with  b  temper&ture  of  ST'C.  weie  drank 
in  tbirtjr  seconds.  Eleven  B&mplee  were  regurgit&ted  at  intervals  for  one  hour, 
the  fint  regurgitation  taking  place  one-half  minute  after  the  milk  was  taken. 

Remark*.  Small  curds  were  regurgitated  one-half  minute  after  the  milk  was 
drunk.  These  curds  were. white  in  color  and  those  returned  thirty  to  forty  min- 
utes after  drinking  the  milk  were  firm  and  rubber-like  in  texture  and  as  large  as 
an  average  siie  peanut.  At  the  end  of  the  hour  tough  curds  as  large  as  a  roan's 
thumb  were  in  evidence.    (See  eitpcr.  14,    For  photographs  of  curds,  see  fig.  la). 

Experimenl  t.  Boiled  v>hoU  milk. 

Five  hundi«d  cubic  centimeters  of  milk  were  boiled  for  five  minutes,  then 
cooled  to  37°C.  and  drunk  in  ten  seconds.  Ten  aamplea  were  regurgitated  at 
intervals  for  one  hour,  the  first  one  at  the  one-minute  period. 

Remarkt.  In  the  case  of  boiled  milk  the  curds  were  much  smaller  snd  softer 
than  were  the  curds  from  raw  whole  milk.  They  were  also  not  white  as  were  the 
raw  milk  curds  but  possessed  a  yellowish  tint.  The  maximum  siie  of  the  boiled 
milk  curds  was  about  that  of  a  smalt  pea.     (See  fig.  2). 

Experiment  3.  Raw  tkimmed  milk. 

Five  hundred  cubic  centimeters  of  milk,  temperature  37*C.,  were  taken  in  ten 
seconds.  Ten  samples  were  regurgitated,  the  first  being  returned  thirty  seconds 
after  the  milk  was  drunk. 

Remark*.  Large  curds  formed  more  quickly  bam  skimmed  milk  than  from 
whole  milk.  In  one-half  minute  after  the  milk  was  drunk,  small  curds  began  to 
form.  Within  five  minutes  white  curds  as  large  as  a  man's  thumb  were  regurgi- 
tated. These  curds  were  firmer  and  more  rubber-like  than  those  from  any  other 
kind  of  milk  tested.     (For  pictures  see  fig.  3). 

Experiment  i.  Injluence  of  icofer. 

In  this  test  500  cc.  distilled  water  (temp.  25°C.)  were  drunk  in  five  minutes, 
and  after  an  interval  of  three  minutes  500  cc.  of  raw  whole  milk  (temp.  37*0.) 
were  also  drunk  in  five  minutes.    Eleven  samples  were  regurgitated  during  th« 
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next  hour,  the  firBt  one  being  returned  thirty  seconds  after  the  drinking  of  the 
milk. 

Remark*.  The  diluted  milk  coagulated  about  the  aan.c  as  the  undiluted  milk 
except  that  the  maximum  curd  formation  was  hardly  as  large  (See  exper.  t), 
{For  photographs  of  curds,  see  fig.  4). 

Experitnenl  5.  Influence  oj  sodium  bicarbonate. 

Five  hundred  cubic  centimeters  of  raw  whole  milk  (temp.  3T°C,)  to  which  had 
been  added  2.5  grams  of  sodium  bicarbonate  were  drunk  in  thirty  seconds. 
Eleven  samples  were  regurgitated,  the  first  one  at  the  half-minute  interval. 

Remarks.  In  spite  of  the  fact  that  the  stomach  contents  were  alkaline  up  to 
one-half  hour  after  the  milk  was  drunk,  definite  curds  began  to  form  at  the  five- 
minute  interval.  The  curds  were  smaller  and  softer  than  the  curds  of  raw 
whole  milk  (exper.  1)  but  not  so  soft  and  flaky  as  were  the  curds  from  the  boiled 
whole  milk  (exper.  2).     (For  pictures  of  curds  see  fig.  5). 

Ex-periment  6.  Cream  {SO  per  cent  fat). 

Five  hundrcdcubic  centimetcrsof  cream  containing20  per  cent  milk  fat  (temp. 
37,5°C.)  were  drunk  in  ten  seconds.  Nine  samples  were  regurgitated  at  intervals 
for  two  hours  and  a  half,  the  first  sample  being  collected  one-half  minute  after 
drinking  the  cream. 

Remarks.  Small  soft  curds  reaching  their  maximum  size  at  about  twenty 
minutes  (see  fig.  6).  Stomach  emptied  slowly  due  to  presence  of  fat.  (See 
exper.  11). 

Experiment  7.     Mixture  of  boiled  and  raw  milk. 

Four  hundred  cubic  centimeters  of  raw  whole  milk  wereboiledfor  fire  minutes, 
then  cooled  to  37°C.  To  this  was  added  100  cc,  of  the  original  raw  milk  and  the 
mixture  drunk  in  ten  seconds.  Eleven  samples  were  regurgitated  in  an  hour,  the 
first  one  at  the  one-half  minute  interval. 

Remarks.  Notwithstanding  the  fact  that  80  per  cent  of  the  milk  was  boiled, 
the  mixture  curded  more  after  the  manner  of  raw  milk.  Fairly  laige  curds  were 
formed  in  twenty  minutes.  At  no  time  were  the  soft,  fluffy  curds  of  boiled  milk 
in  evidence.     (See  fig.  7). 

Experiment  8.  Influence  of  xpater. 

In  this  test  500  cc.  distilled  water  (temp.  37°C.)  were  drunk  in  fifteen  seconds, 
followed  immediately  by  500  cc,  row  whole  milk  of  same  temperature,  also  drunk 
in  fifteen  seconds.  Twelve  samples  were  collected  during  the  following  hour, 
the  first  one  being  regurgitated  at  the  one-half  minute  interval. 

Remarks.  There  was  less  curd  formation  in  this  experiment  than  in  experi- 
ment 4  and  the  stomach  apparently  emptied  somewhat  more  slowly. 

Experiment  9.  Boiled  skimmed  milk. 

Five  hundred  cubic  centimeters  of  skimmed  milk  (sp.  gr.  1034  at  10°C.)  were 
boiled  for  five  minutes,  then  cooled  to  37°C.  and  drunk  in  ten  seconds.  Eleven 
samples  were  subsequently  regurgitated  within  one  hour,  the  first  sample  being 
returned  in  one-half  minute  from  the  time  the  milk  was  ingested. 

Remarks.  Curds  began  to  form  in  one-half  minute,  but  these  curds  were 
smaller  than  in  the  case  of  raw  skimmed  milk  (see  exper.  3) .  In  fact  they  never 
became  larger  than  a  small  kidney  bean.  The  curds  were,  however,  larger  than 
those  regurgitated  from  the  boiled  whole  milk  {see  exper.  2).  (For  photographs 
see  fig.  8). 
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Experiment  10.  Pasliuri zed  milk. 

Five  hundred  cubic  ccntimetera  of  paateiiriced  whole  milk  (ap.  gr.  1029  and 
temp.  20°C.)  were  drunk  in  ten  eeconds.  Eleven  aampleB  were  collected  in  one 
hour,  the  firet  apcciroen  being  regurgitated  one-h&lf  minute  after  the  drinking  of 
the  milk. 

Rtmarki.  Small  curda,  formed  at  the  two  and  one-half  minute  period.  Mai- 
imum  curd  formation  at  forty  minutes.  The  curds  were  intermediate  in  char- 
acter between  those  of  raw  and  boiled  milk,  but  more  nearly  approached  the 
raw  milk  type.     (See  curds  in  fig.  9). 

Experiment  II.  Cream  1^0  per  cent/at). 

Five  hundred  cubic  centimeters  of  pasteuriied  cream  (40  per  cent  fat)  having 
a  temperature  of  37.5°C.  were  drunk  in  ten  seconds.  Fourteen  samples  were  col- 
lected during  an  interval  of  two  and  one-half  hours,  the  first  sample  being  re- 
gurgitated at  the  one-half  minute  interval. 

Remark*.  No  curd  formation  until  one-half  hour  after  the  cream  was  diuuk. 
Even  then  the  curds  were  very  small  {pinhead)anddid  not  increase  in  site  there- 
after. The  stomach  emptied  very  slowly  and  two  and  one-half  hours  aft«r  500 
cc.  of  the  cream  were  drunk,  475  ce.  of  material  were  regurgitated  (see  exper,  6) . 
(For  photographs  see  fig.  10). 

Experiment  II.     Milk  drunk  slowly. 

Five  hundred  cubic  centimeters  of  raw  whole  milk  at  WC.  were  drunk  in  ten 
minule*  and  the  stomach  completely  emptied  by  regurgitation  one-half  hour 
later.  (For  photograph  of  the  curds  see  figs.  11  and  12).  Experiment  13  fal- 
lowed immediately. 

Remarks.  There  was  more  curd  regurgitated  one-half  hour  after  500  cc.  of 
milk  were  drunk  slowly  than  when  a  similar  volume  of  milk  was  taken  rapidly. 
The  individual  curds  were  also  larger.     (See  expers.  13,  15  and  16). 

Experiment  IS.  Milk  drunk  rapidly. 

Five  hundred  cubic  centimeters  of  raw  whole  milk  at  20°C.  were  drunk  in 
fifUen  xccitndB  and  the  stomach  completely  emptied  by  regurgitation  one-half 
hour  later,     (For  photograph  of  the  curds  see  figs.  11  and  12). 

Remarks.  The  total  mass  of  curd  regurgitated  one-half  hour  after  drinking 
500  cc.  of  milk  rapidly  was  less  than  after  a  similar  volume  of  milk  had  been 
drunk  slowly.     The  curds  were  also  smaller.     (See  expers.  12,  16  and  16). 

Experiment  li.  Raw  whole  milk. 

Five  hundred  cubic  centimeters  of  raw  whole  milk,  20°C.,  drunk  in  seventeen 
seconds.  Eight  samples  were  regurgitated  in  forty  minutes,  the  first  one  being 
collected  one  minute  after  drinking  the  milk. 

Remarks.  Curds  began  to  form  in  one  minute  and  in  twenty-five  minutes  a 
curd  weighing  15  grams  was  regurgitated.  This  curd  was  very  tough  and  "rub- 
bery."    (See  exper.  1),     (For  pictures  of  curds  see  fig.  1). 

Experiment  IS.  Milk  drunk  rapidly. 

Five  hundred  cubic  centimeters  raw  whole  milk,  20''C.,  drunk  in  fifteen  eec- 
onda.  One-half  hour  later  the  stomach  was  completely  emptied  by  regurgita- 
tion.    Experiment  16  followed  immediately. 

Remarks.  This  experiment  is  a  duplicate  of  experiment  13  except  that  it  pre- 
ceded the  test  on  the  slow  drinking  of  milk  (see  exper.  16)  instead  of  following 
that  test  as  in  the  case  of  experiment  13.    At  the  end  of  the  experiment  160  cc. 
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Fig.  11.  Large  curd  roaes  -  500  cc.  raw  whole  milk  at  20''C.  drunk  in  tO  min- 
vtea.  Small  curd  mase  ^  500  cc.  raw  whole  milk  at  30°C.  drunk  in  15  seconds. 
(0.5  natural  eixe.) 
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of  water  were  drunk  and  by  regurgitation  160  cc.  of  fluid  with  a  few  euspcndcd 
curds  were  obtained. 

Experiment  16.  Milk  drunk  slowly. 

Five  hundred  cubic  centimeters  of  raw  whole  milk,  20°C.,  were  drunk  in  nine 
and  one-half  minutes.  One-half  hour  later  the  atomach  was  emptied  completely 
by  regurgitation. 

Remarki.  This  experiment  is  a  duplicate  of  no.  12  except  that  it  followed  the 
rapid  drinking  of  milk  inatead  of  preceding  it  as  in  the  case  of  esperiment  12. 
The  results  were  similar  in  the  two  caseB. 

DISCUSSION    AND    8UHHART 

Rapid  drinking  vs.  slow  drinking  of  milk.  Milk  drunk  rapidly  left 
the  stomach  sooner  and  produced  a  smaller  curd  mass  than  milk  drunk 
slowly  or  "sipped."  For  photographs  of  curds  which  were  regur- 
gitated one-half  hour  after  drinking  500  cc.  of  raw  whole  milk,  eee 
figures  11  and  12. 

Raw  vs.  boiled  milk.  Raw  whole  milk  in  the  human  stomach  fonncd 
firm  white  curds  which  had  "rubber-like"  characteristics.  The  max- 
imum curd  formation  took  place  at  about  one  hour  after  the  milk  had 
entered  the  stomach.  These  large  curds  were  apparently  fonned 
through  the  coalescing  of  numerous  smaller  curds.  At  this  period 
curds  as  large  as  a  man's  thumb  and  weighing  at  least  15  grams  may 
be  formed. 

Milk  which  had  been  boiled  five  minutes  curded  in  an  entirely  dif- 
ferent manner.  In  this  case  the  curds  were  small,  soft,  flaky  and  of  a 
yellow  color.  The  largest  curds  were  about  the  size  of  a  small  pea. 
These  curds  left  the  atomach  sooner  and  were  much  more  digestible 
than  the  tough  curds  resulting  from  the  ingestion  of  the  raw  railk. 
Dietetically,  therefore,  boiled  milk  is  to  be  preferred  to  the  raw  prod- 
uct. The  boiling  of  milk  for  five  minutes,  as  in  our  tests,  did  not 
materially  alter  its  nutritive  value  or  growth -promoting  properties  (2) 
but  may  have  lowered  the  antiscorbutic  value  (3  and  4). 

Skimmed  vs.  whole  milk.  Particularly  tough,  hard  curds  of  large 
size  were  formed  in  the  human  stomach  after  the  entrance  of  raw  skim- 
med milk.  Th^  curds  formed  very  quickly  (one-half  minute)  and 
inside  of  five  minutes  they  coalesced  to  form  curds  as  large  as  a  man's 
thumb.  The  skimmed  milk  curds,  because  of  their  firm,  uayieldiog 
character,  were  more  difficult  to  regurgitate  than  were  the  whole  milk 
curds.  The  regui^tator  also  complained  of  a  "heavy"  feeling  in  his 
stomach  soon  after  drinking  the  skinuned  milk. 
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When  the  Bkimmed  milk  was  boiled,  tbe  resultii^  curds  were  not  as 
large  and  tough  as  were  those  of  the  raw  skimmed  milk  nor  as  small 
and  soft  as  were  tbe  cmds  of  boiled  whole  milk.  The  lai^est  curd 
(one  hour)  was  about  tbe  size  of  a  small  kidney  bean.  Inasmuch  as 
the  boiled  skimmed  milk  contained  only  about  0.5  per  cent  fat  (sp. 
gr.  1034)  whereas  the  boiled  whole  milk  contained  about  4  per  cent  fat 
it  is  appiarent  that  the  fat  content  is  an  important  factor  in  determin- 
ing the  character  of  the  curd  in  boiled  milk.  The  curds  of  the  boiled 
whole  milk  were  digested  more  rapidly  than  were  those  of  the  boiled 
skimmed  milk. 

Infiuerux  of  sodium  bicarbonate  on  curd  formation.  The  addition  of 
two  and  one-half  grams  of  sodium  bicarbonate  to  500  cc.  of  raw  whole 
mUk  caused  the  formation  of  curds  which  were  smaller  and  softer  than 
thoEc  produced  in  similar  milk  in  the  absence  of  bicarbonate.  There 
was  a  definite  curd  fonnation  at  five  minutes  although  the  stomach 
contents  remained  alkaline  for  thirty  minutes.  That  the  bicarbonate 
treatment  was  not  as  effective  as  was  boiling  in  producing  small  soft 
curds  was  shown  by  the  fact  that  the  curds  of  the  boiled  whole  milk 
were  smaller  and  softer  than  were  the  curds  in  the  milk  after  bicar- 
bonate had  been  added.  Tbe  boiled  milk  also  left  tbe  stomach  sooner 
than  the  bicarbonate  milk. 

Influence  of  mUk  fat  on  curd  formation.  As  a  general  rule  the  char- 
acter of  the  milk  curds  was  influenced  in  a  very  direct  way  by  the  fat 
concentration,  i.e.,  the  more  fat  the  less  curd.  Not  only  was  there 
less  total  curd  formation  but  the  curds  which  were  formed  were  smaller 
and  softer  the  higher  the  fat  concentration.  In  fact,  when  40  per  cent 
cream  was  drunk  no  curds  were  formed  during  the  first  half-hour  and 
even  then  tbe  largest  curds  were  only  about  the  size  of  the  head  of  a  pin 
and  they  did  not  coalesce  to  form  larger  curds  as  was  the  case  in  milk 
of  low  fat  content. 

The  milks  of  high  fat  concentration  were  also  very  slow  to  leave  the 
stomach.  In  fact  two  and  one-half  hours  after  500  cc.  of  40  per  cent 
cream  were  ingested,  at  least  475  cc.  of  material  were  regut^tated  from 
the  stomach.  These  tests  were  rather  distasteful  to  the  regui^tator 
since  the  rich  creams  gave  him  a  very  uncomfortable,  heavy  feeling 
which  bordered  on  nausea.  There  was  a  tendency  for  skimmed  milk 
(0.5  per  cent  fat)  to  leave  the  stomach  somewhat  more  slowly  than 
the  raw  whole  milk  (4  per  cent  fat).  We  attribute  this  to  the  fact  that 
the  curds  of  the  skimmed  milk  were  especially  tough  and  were  slow  to 
disintegrate  under  the  influence  of  the  gastric  juice. 
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Influence  of  pasteurization  an  curd  formation.  Fasteurizbg  of  milk 
is  not  Dearly  as  effective  as  boiling  in  altering  the  type  of  curd  forma- 
tion. The  curds  from  pasteurized  milk  were  larger  than  those  irom 
boiled  milk,  but  not  so  large  ae  those  from  the  raw  whole  milk.  In 
short,  the  curds  of  the  pasteurized  milk  were  intermediate  in  character 
between  the  curds  of  raw  and  boiled  milk,  but  had  a  tendency  to  re- 
semble more  closely  the  curds  of  raw  milk.  There  was,  however,  less 
tendency  for  the  pasteurized  curds  to  coalesce  with  the  fonnation  of  a 
lai^  curd  aggregate. 

Influence  of  dilution  on  curd  formtUion.  The  drinking  of  water  before 
the  milk  was  ingested  had  no  material  influence  upon  the  curding 
tendencies  of  the  milk,  with  the  exception  that  the  curds  were  some- 
what softer  and  the  maximum  sized  curds  were  smaller  than  when  no 
water  was  ingested.  It  seems  probable  that  the  extra  volume  of  fluid 
in  the  stomach  prevented  the  smaller  curds  from  coalescing  with  the 
fonnation  of  large  masses. 

Injtuenee  of  temperature  on  curd  formation.  Milk  curded  very  quickly 
in  the  stomach  irrespective  of  the  temperature.  There  was  a  slight 
slowing  of  the  coagulation  rate  in  the  case  <^  milks  which  were  consider* 
ably  below  body  temperature  but  the  delay  was  not  pronounced.  The 
milks  at  M^C.  began  to  curd  between  one  and  two  and  on&Jialf  min- 
utes whereas  milks  at  37°C.  showed  signs  of  curdii^  at  the  one-half 
minute  interval. 

The  curding  of  mixtures  of  boiled  and  raw  milk.  When  a  mixture 
cdmposed  of  80  per  cent  boiled  whole  milk  and  20  per  cent  raw  whole 
milk  was  drunk  the  resultant  curds  were  very  similar  in  character  to 
those  obtained  from  the  ingestion  of  straight  raw  whole  milk.  Laige 
curds  were  regurgitated  at  the  twenty  minute  period,  and  the  soft, 
yellow,  fluffy  curds  typical  of  boiled  milk  were  not  in  evidence. 
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The  relative  part  played  by  the  physical  factors  of  diffusion,  osmosis, 
filtration,  imbibition,  etc.,  and  the  so-called  "physiological  activity" 
of  the  living  cells,  in  intestinal  absorption,  has  received  much  atten- 
tion in  the  past.    It  is  still  far  from  a  settled  problem. 

The  apparent  property  of  the  intestine  of  passing  dissolved  sub- 
elAnces  in  but  one  direction  has  been  especially  difficult  of  interpreta- 
tion, if  one  is  to  assume  that  physical  factors  are  chiefly  concerned  in 
intestinal  absorption.  This  seeming  power  of  the  intestine  to  direct 
the  stream  of  dissolved  substances  through  the  intestinal  waU  in  but 
one  direction,  has  been  a  subject  of  much  investigation. 

Cofanheim  (1),  in  experiments  upon  dogs  with  a  Vella  fistula  of  the 
small  intestine,  finds  that  sodium  chloride  passes  into  dextrose  solu- 
tions in  the  isolated  loop  only  in  small  amount,  whether  the  dextrose 
solution  is  isontonic,  hypertonic  or  hypotonic.  The  author  attributes 
this  small  amount  of  sodium  chloride  to  the  secretion  of  the  intestine. 
It  is  further  shown  that  after  a  sufficient  interval  following  death,  or 
upon  injury  to  the  cells  with  sodium  fluoride,  arsenic,  etc.,  the  normal 
mechanism  of  one-sided  permeability  may  be  disturbed  since,  under 
these  conditions,  the  sodium  chloride  content  of  the  intestinal  fluid 
increases  above  normal.  This,  he  states,  proves  that  the  permeability, 
in  but  one  direction,  is  a  function  of  the  living  intestinal  epithelium. 
In  the  peritoneal  and  pleural  cavities  the  author  finds  that  sodium 
chloride  diffuses  into  sugar  solutions  in  large  amount. 

*A  prelimiaaiy  report  was  made  before  the  American  Society  of  Biological 
Chemiata,  December,  1S16;  Journ.  Biol.  Chem.,  IS17,  xxii,  p.  xii. 
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Waymouth-R«id  (2)  amplifies  and  confimis  the  work  of  Cohnheim 
on  the  one-eided  permeability  of  the  intestine.  In  experiments,  using 
the  mid-region  of  the  ileum  of  dogs,  the  conclusion  is  reached  that, 
except  when  the  intestinal  epithelium  is  injured,  the  small  amount  of 
sodium  chloride  entering  the  intestinal  fluid  originates  in  the  succus 
entericus.  Waymouth-Reid  (3)  believes  that  distilled  water  may 
injure  the  epithelium  of  the  small  intestine,  but  states  that  the  lower 
regions  are  more  resistant  to  this  action  than  the  upper.  This  one- 
sided permeability  is  accounted  for  by  a  "mechanism"  which  tends  to 
drive  the  blood  salts  back  as  fast  as  Uiey  tend  to  diffuse  into  a  bland 
solution  lying  in  the  gut.  This  same  mechanism,  the  author  states, 
forwards  into  the  blood  any  salt  entering  the  cells  from  the  gut  side. 
When  sodium  chloride  is  infused  intravenously  into  dogs,  Waymouth- 
Reid  (3)  finds  that  although  the  blood  chlorides  arc  increased,  no  in- 
crease in  absorption  of  water  is  observed  from  glucose  solutions  in  the 
ileum.  Occasionally  a  decreased  glucose  absorption  is  found.  Hence 
it  is  concluded  that  the  uptake  of  water  is  not  a  simple  function  of  the 
osmotic  pressure  of  the  sodium  chloride  of  the  blood,  to  which  the 
normal  epithelium  is  practically  impermeable  from  the  blood  side  to 
the  gut  side  of  the  membrane,  and  since  sodium  chloride  is  the  chief 
blood  salt,  there  is  probably  no  relationship  to  any  other  blood  con- 
stituent. With  Cohnheim  the  author  beUeves  that,  in  regard  to  water 
absorption,  the  osmotic  factor  is  in  relation  to  the  action  of  the  cells 
rather  than  to  the  blood. 

Heidenhain  (4)  points  out  that  from  the  ileum  of  dogs,  solutions  of 
sodium  chloride  of  lower  concentration  than  the  blood  (0.3  to  0.5  per 
cent)  are  absorbed,  whereas  if  we  were  dealing  with  a  purely  physical 
phenomenon,  sodium  chloride  should  diffuse  into  the  intestine.  The 
conclu^on  is  therefore  drawn  that  while  water  absorption  from  these 
solutions  is,  in  part  at  least,  due  to  osmotic  factors,  the  salt  absorption 
is  due  to  a  "  physioli^cal  activity"  of  the  intestinal  wall. 

Hambui^r  (5),  working  with  bomogcneoua  membranes,  the  intes- 
tine of  dead  animals  and  with  isolated  tissues,  believes  to  have  demon- 
strated that  the  one-way  permeability,  together  with  other  factors  of 
absorption  pecuUar  to  the  intestine,  nray  be  imitated  in  the  artificial 
membranes  and  may  proceed  in  an  animal  dead  from  one  to  twenty- 
four  hours.  He  therefore  concludes  that  the  theory  of  a  "physiolog- 
ical activity"  is  not  justified.  He  would  ascribe  this  activity  to  certain 
physical  forces;  molecular  imbibition,  intra-intestinal  pressure  and  a 
suction  induced  by  the  blood  stream.  Therefore,  the  living  cell  ia 
not  involved. 
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Diena  (6),  using  the  permanently  isolated  colon  of  dogs,  finds  that 
there  is  a  passage  of  substances  from  the  interior  of  the  organism  into 
the  intestine  and  vice  versa.  Diena  reports  that  sodium  chloride 
passes  into  strongly  hypotonic  solutions  of  this  salt  in  the  colon.  This 
investigator  further  states  that  the  quantity  of  such  substances  pass- 
ing into  the  intestine  is  not  related  to  the  osmotic  pressure  of  the  liquid 
introduced. 

The  investigation  to  be  presented  was  planned  to  determine  whether 
the  colon  is  impermeable  to  the  chief  blood  saJt,  sodium  chloride,  in 
the  direction  of  the  blood  into  the  intestinal  lumen. 

EXPERIMENTAL    UBTHODB 

The  colon,  in  situ,  of  dogs  was  selected  for  these  experiments.  By 
the  use  of  the  colon  there  is  assured  a  uniform  region  of  the  intestine. 
With  the  experimental  procedure  used,  manipulation  of  the  intestine 
is  avoided  thus  making  it  possible  to  use  the  same  loop  repeatedly  in 
each  experiment.  Furthermore,  it  was  our  hypothesis  that  the  rela- 
tively slower  absorption  from  the  colon,  than  from  the  small  intestine, 
might  serve  to  allow  us  to  study  more  accurately  the  progressive 
changes  occurring  in  solutions  introduced  therein.  E.  Waymouth- 
Reid  (7)  states  that  absorption  in  the  colon  for  all  constituents  of 
serum,  for  peptone  and  glucose,  is  far  less  per  unit  measured  surface 
than  in  the  middle  region  of  the  ileum.  We  are  also  not  unaware  of 
the  possibility  that  quahtative  as  well  as  quantitative  differences  may 
be  found,  from  the  very  nature  of  the  structural  differences  of  the  colon 
and  regions  of  the  small  intestine. 

In  a  few  of  the  experiments  to  be  presented,  decerebrate  animals 
were  employed.  In  others  "pantopon"  served  as  the  anesthetic. 
Unless  otherwise  stated,  however,  paraldehyde  was  administered. 
The  operation  was  performed  under  a  Ught  ether  anesthesia  in  the  two 
latter  cases.  Usually,  one  administration  of  the  paraldehyde  was 
sufficient  for  each  animal.  The  dogs  were  kept  warm  throughout  the 
period  of  experimentation..  The  animals  were  prepared  as  follows: 
A  mid-line  incision  is  made  in  the  abdomen  lai^e  enough  to  admit  two 
fingers.  The  cecum  is  then  brought  into  view  and  a  strong  ligature 
placed  around  the  ileum  at  its  junction  with  the  cecum,  care  being 
exercised  not  to  involve  any  blood  vessels.  A  soft  rubber  tube  is  now 
inserted  through  an  incision  in  the  cecum  and  is  there  fixed  in  place. 
A  second  similar  tul>e  is  inserted  into  the  small  intestine  to  avoid  dis- 
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teution  and  pressure  during  the  experiment,  from  the  accumulation  of 
fluids  and  gases.  The  abdominal  wall  is  closed  with  a  few  stitches 
around  the  rubber  tubes.  A  funnel  is  inserted  into  the  colon  tube  for 
the  introduction  of  fluids.  At  this  stage  the  large  intestine  is  washed 
free  of  feces  with  warm  tap  water  and  finally  with  warm  physiological 
saline.  A  soft  rubber  tube  similar  to  the  first  is  now  Si^ured  into  the 
rectum  of  the  dog  by  means  of  a  pursestring  suture. 

Test  fluids  may  thus  be  introduced  into  the  upper  colon  tube  and 
removed  from  the  rectal  tube  with  no  manipulation  of  the  intestine. 
Several  tests  to  determine  the  accuracy  of  delivery  of  fluids,  introduced 
and  recovered  in  this  way,  show  that  we  are  dealing  with  a  manmum 
error  of  2  per  cent.  The  solutions  were  always  introduced  warm. 
The  colons  of  the  experimental  animals  were  examined  at  the  con- 
clusion of  the  experiments  and  were  invariably  of  normal  appearance. 

Chloride  determinations  were  made  by  the  Volhard  method  or  by 
the  McLean  and  Van  Slyke  (8)  method  when  a  limited  amount  of  fluid 
was  available.  The  latter  method  was  also  used  for  blood  chloride 
determinations.  There  was  never  enough  protein  present  to  interfere 
with  the  Volhard  titration;  this  point  was  repeatedly  controlled.  All 
of  the  chloride  figures  are  expressed  as  sodium  chloride  in  the  tables 
below.  The  depression  of  the  freezing  point  was  determined  by  means 
of  the  Bechmann  apparatus.  A  constant  depression  below  the  freezing 
point  was  maintained,  hence  corrections  for  under-cooling  are  not  made. 

In  the  experiments  given  below  the  solutions  were  introduced  in  the 
intestine,  allowed  to  remain  for  a  given  interval,  removed,  volume 
recorded,  and  specimens  taken  for  chloride  and  A  determinations.  In 
some  experiments  the  same  solution  was  repeatedly  removed,  in  others 
a  different  solution  was  introduced  into  the  intestine. 

EXPERIMENTAL. 

It  is  found  that  when  solutions  of  low  concentrations  of  sodium 
chloride,  or  distilled  water,  are  introduced  into  the  colon,  there  is 
always  a  diminution  of  the  volume,  the  extent  of  which  is  dependent 
upon  the  length  of  time  the  fluid  is  allowed  to  remain  in  the  intestine. 
Upon  a  comparison  of  the  total  amount  of  sodium  chloride  introduced 
(in  solutions  below  0.16  per  cent)  with  the  amount  recovered  it  is 
found  that  there  is  a  gain  of  chlorides  in  the  intestinal  contents.  As 
the  concentration  of  the  chlorides  in  the  intestinal  fluid  rises,  this  gain 
drops  to  a  low  figure  and  finally  shows  a  decrease  in  the  chlorides, 
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with  a  greater  deficit  for  each  succeeding  period  thereafter.  In  other 
words,  it  is  apparent  that  up  to  a  certain  point  chlorides  have  entered 
the  intestinal  contents,  followed  by  a  reversal  of  the  process,  a  passage 
of  chlorides  into  the  blood.  The  concentration  and  A  of  each  auc- 
cessive  solution  removed  shows  a  progressively  increasing  value.  Typi- 
cal protocols  are  given  in  table  I. 

An  exact  determination  of  the  concentration  and  A  of  the  point, 
where  the  balance  of  chlorides  ceases  to  be  in  favor  of  the  gut  contents 
and  begins  to  exhibit  a  deficit,  presents  difficulties.  It  may  be  either 
in  the  last  period,  showing  an  excess  of  chlorides  in  the  intestinal  fluid 
over  the  amount  initially  in  the  solution,  or  it  may  equally  well  be  in 
the  first  period  in  which  there  is  a  loss  of  chlorides  from  the  colon  con- 
tents. Therefore,  it  can  only  be  said  with  certainty  that  the  reversing 
of  the  phenomenon  takes  place  within  a  certain  rftnge  of  the  concen- 
tration and  A.  This  range  has  been  placed  between  the  average  of  the 
last  period  of  gain  of  chlorides  in  the  gut  and  the  average  of  the  first 
period  of  loss  of  chlorides  from  the  intestinal  fluid.  The  range  is  com- 
piled in  table  2.  An  aver^^  value  is  also  given  of  the  initial  and  final 
concentrations  of  these  two  periods.  The  variation  of  this  average 
figure,  from  the  individual  figures  of  each  experiment  is,  in  every  case, 
less  than  the  physiological  variation  in  different  animals. 

In  order  to  determine  whether  this  phenomenon  is  related  to  the 
concentration  of  blood  chlorides,  observations  similar  to  those  above 
were  made  before  and  during  intravenous  infusion  of  sodium  chloride. 
Since  the  kidneys  were  intact  sodium  chloride  was  infused  in  rather 
large  amoimts,  slowly,  over  a  loi^  period  of  time,  to  insure  a  definite 
disturbance  of  the  osmotic  equilibrium  in  the  .body.  Blood  chloride 
determinations  show  that  in  each  case  the  blood  content  of  chlorides  is 
appreciably  increased.  The  results  are  presented  in  table  3.  Under 
these  conditions  there  is,  in  each  experiment,  an  increase  in  the  range 
of  concentration  of  chlorides  in  which  there  ceases  to  be  a  gain  in  the 
gut  and  a  beginning  loss  of  chlorides.  These  increased  values  are 
*beyond  the  physiological  variation  in  an  individual  animal,  hence,  we 
believe,  are  significant  under  the  experimental  conditions.  In  experi- 
ment 69  the  range  of  the  control  period  is  from  O.ll  to  0.15  per  cent, 
with  an  averse  of  0.13  per  cent.  During  the  infusion  period  the 
values  are  from  0.24  per  cent  to  0.29  per  cent,  with  an  average  of  0.27 
per  cent.  The  range  of  the  A  is  also  correspondingly  higher.  Experi- 
ment 87  shows  a  similar  behavior.  These  results,  under  the  conditions 
described,  show  that  with  a  large  increase  of  blood  chloride  conter.t 
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there  is  a  significant  increase  in  the  range  and  average  concentration 
at  which  the  balance  of  chloride  in  the  colon  contents  ceases  to  be  in 
favor  of  the  intestine.  It  may  be  added  that  in  experiment  86,  where 
the  volume  introduced  and  the  time  of  sojourn  were  constant,  there  is 
no  indication  of  an  increased  water  loss  from  the  intestinal  fluid. 

The  excess  of  chloride  which  has  been  demonstrated  to  be  present 
in  solutions  of  very  low  concentration  in  the  colon,  may  have  its  origin 
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in  the  walls  or  cells  of  the  intestine,  and  therefore,  represent  only  a 
local  diffusion  from  the  intestinal  wall.  If  this  were  the  case,  it  might 
be  expected  that  when  the  process  has  proceeded  to  a  certain  point,  it 
would  of  necessity  come  to  a  standstill.  Hence,  if  repeatedly  renewed 
portions  of  distilled  water  were  brought  into  contact  with  the  colon,  on 
the  above  supposition,  decreasing  amounts  of  chloride  should  peiss  into 
the  fluid  at  each  successive  period  of  observation,  and  should  eventu- 
ally reach  a  very  low  value. 
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Experiments  designed  to  test  this  point  are  given  in  table  4.  There 
is  no  evidence  from  these  and  other  figures  which  are  available,  that 
we  are  dealing  with  a  very  limited  source  of  chlorides.  In  the  first 
periods  the  values  may  be  somewhat  higher  than  in  the  succeeding 
periods;  however,  this  excess  might  very  well  arise  from  the  fluids 
bathing  the  intestine.  The  subsequent  values  are  significantly  high. 
The  total  amount  of  chlorides  withdrawn  in  each  experiment  is  also 
calculated,  and  give  values  from  0.250  to  0.590  gram  of  sodium  chloride. 
The  total  amount  of  chlorides  present  in  the  intestine  is  a  function  of 
the  time  which  the  fluid  is  allowed  to  remain  in  the  gut.  Comparisons 
of  half  and  one  hour  experiments  are  made.  That  the  continued 
withdrawal  of  chlorides  through  the  intestine  may  affect  the  blood 

TABLE E 

Diffusion  of  chlorides  into  distilled  water  in  colon  of  dead  animal 
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chlorides  and  the  blood  A  ia  shown  in  experiment  42.  A  withdrawal 
of  0,556  gram  of  sodium  chloride  from  this  animal,  resulted  in  a  decrease 
of  blood  chlorides  as  sodium  chloride  from  0.62  per  cent  to  0.54  per 
cent,  with  a  decrease  in  the  blood  A  from  0.604  to  0.554. 

Experiment  28,  at  the  end  of  table  4,  demonstrates  the  effect  of 
intravenous  infusion  of  sodium  chloride  upon  the  passage  of  chlorides 
into  distilled  water  in  the  colon.  A  graphic  representation  is  also 
given  in  figure  1,  where  the  total  amount  of  chlorides  (as  sodium  chlo- 
ride) diffusing  into  the  intestine  is  represented.  The  time  and  volume 
of  fluid  are  constant  in  this  experiment.  It  is  quite  evident  that  an 
increase  of  blood  chlorides,  under  these  conditions,  causes  an  increase 
in  the  concentration  and  total  amount  of  chlorides  in  the  intestinal 
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fiuid.  Ad  increased  absorption  of  water  from  the  intestine  is  not 
demonstrable;  the  values  before  and  during  infusion  bsg  of  the  same 
order. 

In  this  connection  it  seemed  of  interest  to  determine  the  changes 
occurring  in  distilled  water  in  the  intestine  of  dead  animals.  In  experi- 
ment 31,  (table  4)  the  intestine  was  allowed  to  remain  in  situ;  in  experi- 

AMOUNTS    OF   SODIUM    CHLORIDE 

THAT   OlFrUSE    INTO     DISTILLCD  WATtB   IN 

THE  COLON    BEFORE  AND  AFTER 

INTQAVENOl/5     INFUSION - 


Hourly  P«iied». 
Kg.  1 

ment  32  it  was  removed  from  the  body  and  kept  moist  throughout  the 
experiment. 

Id  contrast  to  the  former  experiments,  the  distilled  water  in  the 
intestine  of  a  dead  animal  shows  little  or  no  tendency  to  disappear. 
Furthermore,  the  concentration  of  chlorides  and  the  total  amount 
present  is  much  less  than  in  the  experiments  on  living  animals,  and 
decreases  rapidly  with  each  successive  period.    The  total  amount  of 
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chlorides  withdrawn  might  well  have  its  origin  in  the  walls  and  cells 
of  the  intestine.  This,  also,  points  to  the  fact  that  the  ultimate  origin 
of  the  chlorides,  withdrawn  in  our  experiments  on  living  animals,  is 
the  blood. 

DISCUSSION 

The  experimental  work  presented  herewith  demonstrates  that  up  to 
the  point  where  the  intestinal  contents  reach  a  certain  concentration, 
chlorides  may  pass  into  the  colon.  The  approximate  value  of  this 
concentration  is  0.16  per  cent,  with  a  A  of  0,134.  It  is  evident  that  we 
are  dealing  here  with  a  "factor  of  safety"  in  the  form  of  a  threshold 
value  which  has  its  analogy  in  the  kidney  threshold.  It  is  the  result 
of  a  mechanism  which  tends  to  prevent  the  loss  of  lat^  amounts  of 
body  salt  through  the  intestine.  That  this  mechanism  stands  in  rela- 
tion to  the  blood  content  of  salt,  at  least  in  part,  has  been  demonstrated. 
A  comparison  of  these  results  with  those  obtained  by  Cohnheim  (1)  and 
Waymouth-Reid  (2)  is  not  possible,  inasmuch  as  their  work  was  done 
upon  the  small  intestine.  Nevertheless,  it  is  evident  from  the  results 
presented  that  the  colon  is  not  characterized  by  a  strictly  one-sided 
permeabihty.  The  failure  of  these  authors  to  demonstrate  lai^ 
amounts  of  sodium  chloride  in  the  intestinal  contents  may  have  its 
explanation  in  our  threshold  value.  Our  results  also  show  why,  as  in 
Heideuhain's  (4)  experiments,  an  excess  of  sodium  chloride  cannot  be 
demonstrated  in  solutions  of  0.3  to  0.5  per  cent. 

We  cannot  beUeve  with  Waymouth-Reid  (2)  that  this  influx  of 
sodium  chloride  into  distilled  water  or  into  solutions  below  0.16  per 
cent  is  due  to  an  injury  to  the  wall  of  the  colon.  Physiologically, 
there  is  no  evidence  of  injury.  The  ultimate  behavior  of  distilled 
water,  or  of  a  0.2  per  cent  or  a  0.5  per  cent  sodium  chloride  solution  in 
the  colon,  is  the  same.  Water  is  absorbed,  and  the  concentration  and 
A  rise  with  all  three  solutions;  the  only  difference  to  be  found  is  in  the 
fact  that  chlorides  may  pass  into  the  distilled  water,  whereas  at  the 
higher  concentrations  there  is  a  loss  of  chloride.  We  have  repeatedly, 
in  the  course  of  our  work,  introduced  distilled  water  into  the  colon, 
and  subsequently  tested  the  behavior  of  other  solutions.  A  qualita- 
tive or  quantitative  difference  In  the  behavior  after  distilled  water  or 
physiological  saline  has  never  been  noted. 

Our  results  are  in  accord  with  those  of  Waymouth-Reid  (2)  that 
there  is  not  an  increased  water  absorption  from  the  intestine  when  the 
blood  chloride  content  is  raised  l^  intravenous  infusion  of  sodium 
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chloride.  However,  we  have  sh6wn  that  an  increased  amount  of 
chlorides  passen  into  diatilled  water,  with  a  rise  in  the  threshold,  under 
these  conditions. 

Two  protocols  in  the  paper  by  Diena  (6)  show  a  positive  balance  of 
aodium  chloride  in  the  intestine,  after  a  solution  of  0.19  per  cent  sodium 
chloride  is  allowed  to  remain  in  the  colon  for  two  hours.  The  final 
concentrations  are,  respectively,  0.4  and  0.475  per  cent.  In  none  of  our 
experiments,  under  the  most  extreme  conditions,  (intraveous  infusion 
of  sodium  chloride),  have  we  ever  found  a  positive^ balance  of  chlorides 
at  a  final  concentration  of  0.4  per  cent.  We  wish  to  surest  that  this 
difference  is  due  to  a  difference  in  the  experimental  methods  employed. 
At  the  end  of  the  period  of  observation  Diena  washes  the  intestine  with 
distilled  water  (270  to  300  cc).  The  chlorides  thus  withdrawn  are 
added  to  the  total  chlorides  recovered.  Our  experiments  show  that 
chlorides  paas  rapidly  into  distilled  water  in  the  colon.  Experiments 
have  been  performed  in  which  distilled  water  was  merely  passed  through 
the  intestjne,  and  we  find  that  considerable  amounts  of  chlorides  may 
be  thus  abstracted.  The  chlorides  of  the  wash  fluid,  in  each  of  Diena's 
experiments,  are  greater  than  the  excess  of  chlorides  found  by  him. 
Hence,  disregarding  the  amount  of  chlorides  recovered  in  this  fashion, 
his  experiments  show  a  loss  of  chlorides  from  the  colon.  We  are  in 
accord  with  Diena's  conclusion  that  chlorides  pass  into  strongly  hypo- 
tonic solutions  in  the  colon,  but  cannot  agree  that  this  occurs  at  the 
sodium  chloride  concentrations  of  the  final  fluids  withdrawn  by  him. 

C0NCI-D810N3 

1.  The  colon  is  not  characterized  by  a  strictly  one-sided  permeability. 

2.  There  is  a  threshold  of  the  colon,  below  which  chlorides  diffuse 
from  the  blood  stream  into  the  intestinal  contents. 

3.  The  blood  content  of  chlorides  is  a  factor  in  determining  the 
he^bt  of  this  threshold. 

4.  The  chlorides  diffusing  into  distilled  water  or  very  low  concen- 
trations of  sodium  chloride  in  the  colon  have  their  origin  in  the  blood. 
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It  ba8  been  shown  (1)  that  there  is  a  threshold  value  above  which 
loss  of  chlorides  from  the  blood  into  the  intestinal  fluid  is  inhibited, 
under  ordinary  conditions.  It  seemed  of  interest,  therefore,  to  deter- 
mine whether  a  similar  "factor  of  safety"  controlled  water  loss  from 
the  blood  into  the  intestine. 

Heidenhain  (2)  finds  that  water  may  be  absorbed  from  solutions  of 
sodium  chloride  of  various  concentrations  in  the  small  intestine,  that 
is  from  a  1.46  per  cent  as  well  as  from  a  2.0  per  cent  solution.  He 
considers  that  the  fluid  absorption  in  these  cases  is  a  function  of  the 
"physiological  activity"  of  the  intestinal  epitheUum.  Since  the  os- 
motic pressure  of  the  solution  is  greater  than  that  of  the  blood  the 
osmotic  factors  are  not  concerned  in  the  process.  AJthough  the  "phys- 
iological activity"  is  capable  of  varyii^  in  value,  the  author  states  that 
the  border-line  concentration  at  which  it  is  overcome  is  at  2.0  per  cent 
of  sodium  chloride.  Above  this  point  osmotic  pressure  factors  come 
into  play  and  fluid  passes  into  the  intestine,  but  the  author  states  that 
solutions  of  sodium  chloride  above  2.0  per  cent  may  exert  an  injurious 
effect  upon  the  intestinal  epithelium  and  thus  modify  the  absorption 
phenomenon. 

On  the  basis  of  invest^ations  upon  the  isolated  stnall  intestine  of 
cats,  rabbits  and  dogs,  Cohnheim  (3)  behoves  to  have  demonstrated  an 
active  transport  of  fluid,  inasmuch  as  there  is  a  loss  of  fluid  from  the 
intestine  with  no  increase  of  weight  of  the  intestine.    This  transport  in 

'  A  preliminary  report  was  made  before  The  American  Society  of  Biological 
Chemtata,  December,  1916.    Joum.  Biol.  Chem.,  1917,  xxix,  p.  xii. 
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one  direction,  toward  the  blood,  has  its  origin  in  the  cells  of  the 
intestinal  wall. 

Waymouth-Reid  (4)  confirms  the  observation  of  Cobnheim  that  a 
secretory  transport  of  fluid  is  capable  of  demonstration  in  the  isolated 
small  intestine  of  cats.  This  takes  place  in  all  instances  from  the 
intestinal  limien. 

We  well  realize  that  the  behavior  of  the  fluid  of  solutions  introduced 
into  the  intestine  depends  upon  the  nature  of  the  solute,  as  Wallace 
and  Cushny  (5)  and  Hober  (6)  have  shown.  The  intestinal  wall  is 
TeadUy  permeable  to  sodium  chloride,  hence  the  results  of  the  present 
investigation  would  apply  only  to  salts  of  this  class. 

The  experimental  methods  are  similar  in  all  respects  to  those  used 
in  the  previous  paper  (1).  Since  the  volume  of  fluid  remains  suffi- 
ciently large,  the  same  solutions  are  repeatedly  returned  in  all  of  the 
experiments  given  below. 

EXPERtHENTAL 

In  the  typical  protocols,  given  in  table  1,  it  is  shown  that  when  solu- 
tions of  sodium  chloride  (above  1.2  per  cent)  of  osmotic  pressure  suffi- 
ciently higher  than  the  blood,  are  introduced  into  the  colon  of  dogs, 
fluid  passes  into  the  intestinal  contents  while  chlorides  pass  into  the 
blood.  The  effect  is  a  rapid  reduction  in  the  sodium  chloride  concen- 
tration and  osmotic  pressure  of  the  intestinal  contents.  Figure  1  gives 
a  graphic  representation  of  these  volume  and  concentration  changes 
in  a  typical  experiment. 

In  determining  the  concentration  of  sodium  chloride  and  the  A  at 
which  the  fluid  balance  ceases  to  be  positive  in  the  intestine,  and  fluid 
begins  to  leave,  we  are  confronted  with  the  same  difficulties  as  in  the 
determination  of  the  salt  threshold  in  our  previous  paper.  The  turn- 
ing point  may  be  cither  in  the  last  period  which  shows  a  gain  of  fluid 
to  the  gut,  or  in  the  first  period  which  exhibits  a  loss  of  fluid. 

Hence  in  table  2  has  been  compiled  the  average  concentration  of 
sodium  chloride  in  each  of  these  periods.  This  gives  a  range  between 
which  the  point  must  lie.  An  average  of  the  range  of  each  experiment 
has  also  been  noted.  This  gives  an  approximate  value  for  the  con- 
centration of  chlorides,  at  the  point  where  the  fluid  content  of  the  colon 
turns  from  a  positive  to  a  negative  balance.  The  average  A  has  been 
computed  similarly,  thus  an  approximate  value  of  sodium  chloride 
concentration  of  1.21  per  cent  with  a  A  of  0.786  is  obtained.  It  will  be 
accQ  that  the  variations  in  the  individual  experiments  are  not  great. 
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TABLE  1 

The  Ttveriible  diffusion  of  fluid  Ikrough  the  inUatiaat  wall 
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Inftised  intraveDously  116 

cc.  of  10  per  cent  NaC 

over  period  of  tour  hours 

30 
30 

90 
86 

89 

81 

-  1 

-  4 

1.46 
1.41 

1  41 
1.38 

0.892 

Pantopon 
59 

15 
15 
15 
20 

BO 
90 
80 
60 

90 
94 
75 
54 

0 
+  4 

-  5 

-  6 

1.44 

1.10 
0.98 

1.10 

0.98 
0.87 

0.955 

0.744 
0.705 

0.744 
0.705 
0.656 

-262 
-145 
-118 

and  differ  but  slightly  from  the  average.  This  is  the  more  striking 
when  one  considers  that  physiological  variations  as  well  as  experimental 
errors  are  involved. 

In  table  1  has  been  added  a  single  protocol  showing  the  effect  of 
increased  blood  chloride  content  upon  this  phenomenon.  It  will  be 
seen  that,  whereas  in  the  normal  period  there  is  a  gain  of  fluid  (4  cc.) 
to  the  gut  at  a  concentration  of  sodium  chloride  of  1.47  to  1.40  per 
cent,  at  a  corresponding  concentration,  during  infusion,  there  is  prac- 
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tically  no  fluid  interchange  (a  loss  of  1  cc),  the  tendency  as  indicated 
by  the  figures  being  toward  a  loss  of  fluid  from  the  colon.  In  the  nor- 
mal period  the  range  of  concentration  in  which  the  turning  point  oc- 
curred is  from  1.14  to  1.07  per  cent.  In  the  infusion  period  it  is  but 
slightly  below  1.46  to  1.41  per  cent.  This  shows  that  the  concentra- 
tion of  chlorides  at  which  the  turning  point  occurs  has  been  raised. 

DISCDBSION 

The  results  of  the  experiments  detailed  above  lead  ua  to  beheve 
that,  just  as  we  have  found  that  there  is  a  threshold  for  the  passage  of 
sodium  chloride  out  of  the  blood  into  the  intestine,  there  is  a  similar 
mechanism  which  controls  the  loss  of  fluid  from  the  blood  into  the 
intestine.  One  part  of  this  mechanism  is  apparent  from  the  results 
obtained  in  these  experiments,  namely,  a  rapid  absorption  of  sodium 
chloride  or  the  absorption  of  the  chlorides  in  a  very  concentrated 
solution,  against  an  inflow  of  fluid  into  the  intestine. 

We  might  expect  that  this  combined  effect  would  continue,  as  Heiden- 
hain  (2)  pointed  out,  until  the  solution  in  the  intestine  becomes  isotonic 
with  the  blood.  On  the  contrary,  the  water  inflow  ceases  at  a  concen- 
tration of  sodium  chloride  and  at  an  osmotic  pressure  of  the  colon  con- 
tents considerably  above  the  osmotic  pressure  of  the  blood.  The 
chloride  absorption  continues  rapidly  to  reduce  the  osmotic  pressure  of 
the  solution  in  the  colon.  Hence,  although  we  are  in  agreement  with 
HeidenhaJn'a  (2)  conclusion  that  solutions  of  sodium  chloride  of 
higher  osmotic  pressure  than  the  blood  may  exhibit  fluid  absorption 
in  the  intestine,  the  concentration  at  which  fluid  passes  into  the  colon 
contents  (approximately  1.21  per  cent)  is  much  lower  than  that  found 
by  Heideohain  in  the  small  intestine,  namely  2.0  per  cent. 

It  will,  moreover,  be  noted  that  in  our  experiments  Uie  same  results 
arc  obtained  with  a  sodium  chloride  concentration  of  4.22  per  cent, 
experiment  17,  as  with  a  solution  of  1.45  per  cent,  experiment  29b, 
The  difference  in  concentration  of  these  two  solutions  is  so  great  that 
we  cannot  but  beUeve  that  if,  as  Heidenhain  (2)  suggested,  strong 
solutions  of  sodium  chloride  injure  the  intestinal  wall,  there  would  be 
an  evident  difference  of  effect  in  these  two  experiments. 

Cohnheim  (3)  and  Waymouth-Reid  (4)  have  attributed  the  fluid 
absorption  in  the  intestine  to  an  "active  transport,"  which  is  a  function 
of  the  epithehal  cells  of  the  intestine.  We  have  shown  that  an  in- 
crease of  blood  chlorides,  by  intravenous  infusion  of  sodium  chloride, 
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raises  the  water  threshold.  Therefore,  this  "active  transport"  may 
be  altered  from  the  blood  side,  hence  we  cannot  afiSrm  the  view  held 
by  these  authors  that  it  is  entirely  a  function  of  the  intestinal  epitheliiuu. 

CONCLUSIONS 

1.  Hypertonic  solutions  of  sodium  chloride  which  readily  pass 
through  the  intestinal  wall,  attract  fluid  into  the  intestine  above  a 
certain  threshold  value,  approximately  1.20  per  cent  with  a  A  of  0.786. 

2.  At  the  same  time  chlorides  pass  in  concentrated  solutions  into 
the  blood. 

3.  The  concentration  of  the  solute  (sodium  chloride)  and  the  A  at 
the  threshold  point,  that  is  the  point  at  which  the  fluid  balance  just 
ceases  to  be  in  favor  of  the  colon,  shows  a  striking  constancy  in  a  long 
series  of  experiments. 

4.  There  is  evidence  that  increased  blood  chlorides  may  effect  this 
threshold  value. 
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A  further  link  in  the  comparison  of  the  pasBage  of  solute  and  solvent 
through  the  intestine,  with  diffusion  through  homogeneous  membranes 
is  a  study  of  the  partial  pressure  equiUbrium  of  diffusible  dissolved 
substanees  and  the  total  osmotic  equilibrium.  An  investigation  of 
these  points  is  presented  in  this  paper. 

Gumilewsky  (1),  using  animals  with  a  Thiry-Vella  fistula  of  the 
small  intestine,  finds  that  from  solutions  of  sodium  chloride  of  a  con- 
centration of  0.6  per  cent  the  water  and  salt  are  absorbed  at  the  same 
rate,  hence  the  concentration  is  not  changed.  From  solutions  of  0,25 
per  cent  sodium  chloride,  the  author  finds  that  wat«r  is  absorbed  faster 
than  the  salt,  whereas  the  process  is  reversed  from  1.0  per  cent 
solutions. 

Heidenh&in  (2)  makes  the  same  observation  in  regard  to  solutions 
of  0.6  per  cent  sodium  chloride. 

Wajmaouth-Reid  (3)  finds  that  glucose,  and  mixtures  of  glucose  and 
sodium  chloride,  can  be  chosen  which  neither  increase  nor  decrease  in 
coDceotration. 

•  Hdber  (4)  states  that  when  solutions,  isotonic  with  the  blood  serum, 
are  subjected  to  intestinal  absorption,  the  osmotic  pressure  of  the  solu- 
tion during  absorption  does  not  remain  unchanged  but  is  occasionally 
raised. 

Dieha  (5),  using  the  permanently  isolated  colon  of  dogs,  investi- 
gated the  behavior  of  solutions  of  sodium  chloride  at  various  concen- 
trations. This  author  finds  a  large  quantity  of  water  is  absorbed 
from  hypotonic  solutions  and  that  this  absorption  decreases  with 
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increasing  concentration.  At  isotonicity  there  is  very  tittle  fluid  ab- 
sorption. This  investigator  compares  the  observed  &  of  solutions  of 
various  concentrations  of  sodium  chloride,  after  a  period  of  sojourn  in 
the  colon,  with  the  theoretical^^  of  pure  solutions  of  the  same  sodium 
chloride  content.  It  is  observed  that  the  osmotic  pressure  of  the 
solution  is  always  higher  than  can  be  accounted  for  by  the  sodium 
chloride  content  of  the  solution.  The  conclusion  is  therefore  drawn 
that  osmotically  active  substances  pass  from  the  oi^anism  into  the 
liquid,  regardless  of  the  osmotic  pressure  of  the  fluid  in  the  colon.  Fur- 
thermore, Diena  states  that  the  osmotic  pressure  of  the  intestinal  fluid 
in  all  concentrations  approaches  that  of  the  blood. 

Hamburger  (6)  observes,  in  the  peritoneal  and  pericardial  cavities  of 
rabbits,  that  hypertonic  and  hypotonic  solutions  of  various  salts 
(including  NaCl)  come  into  osmotic  equilibrium  with  the  blood,  while 
isotonic  solutions  show  no  change  in  osmotic  pressure. 

Leathes  and  Starling,  (7),  in  an  investigation  into  the  mechanism  of 
absorption  from  the  pleural  cavity,  find  that  absorption  of  sodium 
chloride  proceeds  according  to  the  partial  pressure  of  the  salt. 

The  experimental  methods  in  this  investigation  are  the  same  as  used 
in  previous  experiments  of  this  series  (8).  All  of  the  work  is  confined 
to  the  colon  of  dogs.  Blood  chlorides  were  determined  by  the  method 
of  McLean  and  Van  Slyke.  The  blood  A  was  determined  on  the  whole 
blood. 

EXPEBIHEKTAL 

In  table  1  are  tabulated  several  typical  protocols  which  demon- 
strate that,  if  a  solution  of  sodium  chloride  above  (exper.  24,  etc.) 
or  below  (exper.  25)  blood  level  is  introduced  into  the  colon,  the  con- 
centration approaches  that  of  the  blood.  This  is  graphically  repre- 
sented in  figure  1.  In  the  low  concentrations  the  solvent  passes  faster 
than  the  solute,  in  concentrations  above  the  blood  content,  the  solute 
faster  than  the  solvent..  With  solutions  below  blood  level,  the  calcu- 
lated concentrations  of  the  chlorides  in  the  absorbed  fluid  show  increas- 
ing values  (exper.  25),  approaching  the  concentration  of  the  solution 
in  the  intestine  as  partial  pressure  equilibrium  is  established.  On  the 
other  hand,  with  solutions  of  sodium  chloride  above  blood  level,  de- 
creasing values  are  obtained  (exper.  24)  which  approach  the  same 
level. 

Occasionally,  as  in  experiments  26,  29  and  74,  the  intestinal  contents 
apparently  come  into  equilibrium  at  a  concentration  above  the  con- 
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TABLE  1 
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centration  of  blood  Chlorides,  or  as  in  experiments  36  and  74,  especially 
when  fresh  solutions  at  a  concentration  close  to  blood  level  are  intro- 
duced, the  concentration  of  the  intestinal  chlorides  may  rise  above  that 
of  the  blood.    These  points  will  be  discussed  later  in  the  paper. 

The  A  of  the  solution  shows  an  interesting  behavior.    In  experiment 
33  the  A  comes  to  a  standstill  at  0.567  with  a  concentration  of  chlorides 
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of  0.76  per  cent.  On  the  other  hand,  in  the  first  periods  of  experi- 
ments 35  and  74,  although  there  is  no  change  of  concentration  of 
chlorides,  the  A  rises.  In  the  last  periods  of  experiment  36,  and  the 
second  period  of  74,  in  spite  of  the  fact,  that  the  concentration  of 
chlorides  decreases,  the  A  rises. 
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In  the  table  are  given  two  protocols  of  experiments  in  which,  early 
in  the  period  of  experimentation,  the  dogs  developed  a  spontaneous 
anuria,  the  result  of  which  was  an  increase  of  the  blood  chlorides.  This 
increase  was  no  doubt  in  part  due  to  the  fact  that  a  considerable  amount 
of  chloride  was  being  absorbed  from  the  colon.  In  experiment  30  the 
blood  rises  to  0.73  per  cent  sodium  chloride  and  in  experiment  33  to 
0.80  per  cent.  In  each  case  the  concentration  of  sodium  chloride  in 
the  gut  rises  to  a  comparatively  high  figure.  We  merely  wish  to  sug- 
gest this  as  a  probable  cause  and  effect  in  these  two  experiments  for, 
as  we  pointed  out  above  in  experiments  26,  29  and  74,  with  normal 
blood  chlorides,  there  was  an  apparent  equilibrium  above  blood  level. 

Experiment  27  shows,  definitely,  that  on  raising  the  blood  chlorides 
by  intravenous  infusion  of  sodium  chloride  a  new  point  of  equilibrium 
between  the  intestinal  contents  and  the  blood  is  established.  A  0.75 
per  cent  solution  of  sodium  chloride  introduced  during  the  infusion 
rises  to  0.88  per  cent  when  the  blood  content  is  0.97  per  cent.  In  the 
normal  animal  an  equilibrium  is  obtained  at  0.66  per  cent  sodium 
chloride  in  the  gut  with  a  0.65  per  cent  blood  content.  This  is  repre- 
sented in  figure  2. 

At  the  end  of  the  table  is  a  typical  protocol  showing  the  behavior  of 
solutions  of  sodium  chloride  at  about  blood  level,  in  the  colon  of  a  dead 
animal.  The  volume  of  fiuid  shows  little  or  no  change  from  hour  to 
hour.     The  same  is  true  of  the  chloride  concentration. 


The  results  of  the  experimental  work  given  above  demonstrate  con- 
clusively that  when  solutions  of  sodium  chloride,  of  greater  .or  less 
concentration  than  the  blood  chloride  content,  are  introduced  into  the 
intestine,  they  come  into  a  partial  osmotic  pressure  equilibrium  with 
the  blood.  This  is  in  accord  with  the  observations  of  Gumilewsky  (I) 
and  Heidenhain  (2)  that  solutions  of  sodium  chloride  of  about  0.6  per 
cent  exhibit  little  change  in  concentration  when  introduced  into  the 
small  intestine.  In  the  two  experiments  reported  by  Diena  (5)  in  which 
0.92  per  cent  sodium  chloride  is  introduced  into  the  isolated  colon  of  a 
dog,  there  is  a  decrease  in  the  concentration  of  the  chlorides  in  the  colon 
content  to  about  blood  level,  although  the  author  does  not  mention 
this  point.     Our  results  are  in  harmony  with  those  of  this  investigatoi . 

That  this  equilibrium  is  related  to  the  blood  is  further  shown  by  the 
behavior  of  gut  chlorides,  when  the  blood  chlorides  spontaneously  rise 
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due  to  an  abeorption  of  chlorides  and  a  dimmished  excretion  through 
the  kidney.  That  the  gut  chloride  content  is  dependent  upon  the 
concentration  of  chlorides  in  the  blood,  is  definitely  proven  by  the 
establislunent  of  a  higher  level  of  equilibrium  when  the  blood  chlorides 
ore  experimentally  increased. 

In  the  dead  animals  the  fluid  and  chloride  absorption  show  very 
sUgbt  or  negative  values,  hence  there  ifi  a  mere  stasis  of  fluid  in  the 
intestine  in  contrast  to  an  actual  interchange  in  the  hving  animal. 

In  figure  3  is  plotted  the  observed  A  in  the  solutions  from  the  colon, 
superimposed  upon,  the  A  of  solutions  containing  the  same  concen- 
tration of  sodium  chloride.  The  latter  solutions  were  made  with  the 
same  sodium  chloride  used  in  the  experiments  and  the  A  detennined 
as  with  the  experimental  solutions.  The  two  plots  show  a  wide  diver- 
gence. The  reason  for  the  divergence  at  the  start  is  tJie  fact  that  solu- . 
tions  used  in  our  experiments  are  always  first  rinsed  through  the  lutes' 
tine  before  the  sodium  chloride  content  is  determined.  By  this  pro- 
cedure, any  dilution  from  fluid  in  the  colon  or  any  substances  which 
would  effect  the  A  of  the  initial  solution  is  taken  into  account.  We 
can  only  explain  this  later  divergence,  of  observed  A  and  the  A  deter- 
mined from  actual  amoimt  of  sodium  chloride  in  the  intestinal  fluid,  on 
the  basis  that  substances  other  than  chloride,  producing  osmotic  pres- 
sure, are  present  in  the  gut  fluid.  Hence,  the  A  shows  higher  values 
than  can  be  accounted  for  by  the  sodium  chloride  alone.  A  sys- 
atic  determination  of  tJiese  constituents  has  not  been  made.  Diena 
(5)  reports  finding  sodiiun  chloride  and  nitrogenous  substances  dif- 
fusing into  glucose  solutions  in  the  colon. 

Our  cesults  are  in  accord  with  those  of  Diena  (5),  in  showing  that 
there  is  an  attempt  at  a  total  osmotic  equilibrium  between  the  colon 
contents  and  the  blood.  Hamburger  (6)  showed  a  similar  behavior  in 
the  peritoneal  and  pericardial  cavities,  and  Leathes  and  Starling  (7)  in 
the  pleural  cavity. 

We  have  tactily  assimied  in  this  comparison  of  intestinal  chloride 
content  with  equivalent  solutions  of  sodium  chloride,  that  the  chlorides 
estimated  in  the  intestinal  contents  exist  as  sodium  chloride.  How- 
ever, no  other  molecular  combination,  physiologically  possible,  can 
adversely  affect  the  conclusion. 

We  have  observed,  as  mentioned  above,  first:  an  apparent  equilib- 
rium at  a  concentration  of  chlorides  above  blood  level;  second:  an 
increase  of  the  A  of  the  solutions  with  httle  or  no  change  of  concen- 
tration of  the  solution;  third:  a  decrease  of  concentration  with  no 
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change  in  the  A.  These  apparent  anomalies  can  be  satisfactorily 
explained  by  a  consideration  of  the  lai^  divergence  at  the  A  of  the  two 
curves  in  figure  3.  It  is  apparent  that  as  the  equilibrium  is  approached, 
more  and  more  of  substances  other  than  chlorides  diffuse  into  the  intes- 
tinal contents.     Hence,  inasmuch  as  there  is  an  attempt  at  total  os- 
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motic  equilibrium  as  well  as  partial  pressure  equilibrium,  the  concen- 
tration of  chlorides  in  the  intestine  may  remain  higher  than  the  blood 
level  until  replaced  by  substances  but  slowly  diffusing  from  the  blood. 
In  the  cases  where  the  content  of  the  chlorides  decreases  without  a 
decrease  io  A,  other  osmotic  pressure  producing  substances  have  re- 
placed the  chlorides. 
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A  protocol  given  by  Diena  (5)  confirBis  this  point.  When  he  intro- 
duces an  isotonic  solution  of  sodium  chloride  into  the  colon  and  detei^ 
mines  the  &  of  the  solution  recovered,  there  is  Uttle  change  in  the  A 
in  spite  of  the  fact  that  there  is  a  considerable  decrease  in  concentiVr 
tion  of  gut  chlorides  (from  0.92  to  0.67  per  cent).  Diena  does  not  com- 
ment upon  thifi  point. 

The  observations  above  may  also  furnish  an  analogy  and  explana- 
tion  of  the  findings  of  Hdber  that  isotonic  solutions  of  sodium  chloride 
occasionally  show  an  increased  osmotic  pressure  during  absorption. 

CONCLUSIONS 

1.  Solutions  of  sodium  chloride  above  or  below  blood  level  come 
into  a  chloride  partial  pressure  equihbrium  with  the  blood. 

2.  Increase  of  blood  chlorides  affects  this  equilibrium. 

3.  There  is  an  attempt  at  total  osmotic  pressure  equihbrium  between 
the  colon  contents  and  the  blood. 

4.  Evidence  is  at  hand  which  indicates  that  other  blood  constituents 
diffuse  into  sodium  chloride  solutions  in  the  colon.  This  is  more  appar- 
ent as  the  concentration  of  the  solution  approaches  the  level  of  the 
blood  chlorides. 
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In  previous  papers  of  this  series  our  investigations  have  been  con- 
cerned with  the  behavior  of  solutions  of  sodium  chloride  of  various 
concentrations.  It  is  evident  that  the  intestinal  waU  behaves  toward 
solutions  of  sodium  chloride  like  a  permeable  membrane.  A  few  of 
the  discrepancies,  on  the  basis  of  our  present  knowledge,  have  been 
pointed  out.  A  priori,  in  accordance  with  the  conception  of  the  action 
of  sodium  sulphate  and  magnesimn  sulphate  in  producing  catharsis, 
we  should  expect  that  the  behavior  of  these  salts  in  the  colon  would 
present  a  contrast  to  the  changes  occurring  with  solutions  of  sodium 
chloride.  In  this  paper  will  be  presented  the  changes  occurring  in  the 
solvent  and  solute  of  solutions  of  sodium  and  magnesium  sulphate. 

There  is  a  paucity  of  literature  on  this  point,  from  the  quantitative 
point  of  view.  Some  conception  of  the  changes  occurring  in  solutions 
of  sodium  sulphate  and  magnesium  sulphate  in  the  smaU  and  large 
intestine  may  be  obtained  from  the  classic  work  of  Mathew  Hay.  The 
points  bearing  upon  the  subject  of  this  paper  will  be  presented  briefly. 
Hay  (1)  finds  that  there  is  a  greater  flow  of  fluid  into  the  lai^  intes- 
tine, with  a  given  quantity  of  sodium  sulphate,  than  into  the  smaU 
intestine,  with  the  same  area  of  intestinal  surface  exposed  to  the  solu- 
tion. The  author  si^gests  two  reasons  for  this  diS'ereDce.  First:  the 
mucous  secretion  into  the  large  intestine  inhibits  absorption,  and  sec- 
ond: from  the  nature  of  the  mucous  membrane  of  the  large  intestine 
absorption  proceeds  with  greater  slowness  than  in  the  small  intestine. 
If  the  solution  of  sodium  sulphate  is  sufficiently  stroi^  (20  per  cent), 
Hay  finds  that  the  amount  of  fluid  withdrawn  from  the  body  may  lead 
to  a  blood  concentration,  as  indicated  by  an  increased  number  of  red 
cells. 
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Furthermore,  the  work  of  this  author  indicates  most  conclusively 
that,  from  the  small  intestine,  at  least,  considerable  amount  of  sodium 
sulphate  is  absorbed  into  the  blood.  Nearly  half  of  the  amount  intro- 
duced may  disappear  in  the  first  hour.  This  factor  is  of  such  impor- 
tance that,  if  the  dose  administered  does  not  exceed  what  can  be  ab- 
'  Borbed  during  the  rapid  stage  of  absorption,  there  is  a  failure  of 
catharsis.  The  amount  of  sulphate  absorbed  is  also  beheved  to  be 
responsible  for  a  diuresis  following  the  administration  of  sodium 
sulphate. 

Finally,  this  investigator  finds  an  "accumulation"  of  sulpnates  in 
the  colon,  after  administration  of  sodium  sulphate.  This  he  ascribes 
to  a  combination  of  two  factors,  a  slower  absorption  of  the  salt  from 
the  large  intestine,  which  "depends  on  a  diEFerence  in  the  structure  and 
function  of  the  lai^e  intestine  as  compared  with  the  small  intestine," 
and  a  passage  of  salt  from  the  blood  into  the  colon  contents. 

In  regard  to  magnesium  sulphate.  Hay  (2)  believes  that  the  salt  is 
split  in  the  intestine,  and  sulphate  passes  more  easily  than  the  mag- 
nesium. It  must  be  added  that  Hay  is  not  unaware  of  the  relatively 
low  diS'usibility  of  these  salts  as  a  factor  in  their  cathartic  action. 

Kovesi  (3)  investigated  the  absorption  of  sodium  sulphate  from  the 
small  inteetine  of  rabbits,  120  to  150  cm.  from  the  pylorus,  and  found 
considerable  disappearance  of  the  sulphate.  From  hypotonic  solU" 
tions,  fluid  is  absorbed  and  there  is  an  increased  A  to  the  level  of  the 
blood.  With  hypertonic  solutions  there  is  an  increased  volume  and  a 
decrease  in  the  A.  Isotonic  solutions  show  little  or  no  change  in  vol- 
ume or  A.  The  sulphate  is  absorbed  in  rather  large  amounts,  accord- 
ing to  the  author's  figures,  the  absorption  increasing  with  the  concen- 
tration of  the  salt  introduced.  The  length  of  the  experiments  varies 
from  1  to  2  hours. 

Gumilewski  (4)  observed,  in  the  small  intestine,  that  sodium  sul- 
phate delayed  the  fiuid  absorption  and  that  the  sulphate  absorption 
increased  with  increaj^g  concentration.  He  concluded  that  the  chem- 
ical nature  of  the  salts  play  a  part  in  their  absorption. 

Heidenhain  (5)  performed  a  few  experiments  with  magnesium  sul- 
phate in  the  small  intestine,  and  finds  that  water  is  absorbed  more 
slowly  than  from  a  solution  of  sodium  ohloride  of  greater  osmotic 
pressure.  He  concludes  that  the  sodium  sulphate  lessens  the  "physi- 
ological activity"  of  the  intestinal  cells;  hence,  the  factors  involved  are 
controlled  more  by  their  osmotic  pressures  than  is  the  case  with  solu- 
tions of  sodium  chloride. 
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Wallace  and  Cushny  (6)  ccnnpared  the  fluid  absorption  from  a  large 
number  of  salt  solutions  with  that  of  a  1  per  cent  sodium  chloride  solu- 
tion. They  find  that  in  the  list  of  the  cathartic  salts  the  anion  is  the 
determining  factor  in  the  absorption.  Sulphates,  standing  between  the 
nitrates  and  chlorides,  retard  absorption  more  than  chlorides  and 
are  identical  with  the  phosphates.  These  authors  find  that  solutions  * 
of  all  concentrations  tend  to  become  isotonic  with  the  blood.  Of  the 
cations,  they  state  that  those  of  the  alkaline  earths  are  very  slowly 
taken  up  by  the  intestinal  epithelium.  In  this  investigation  the  au- 
thors measure  only  fluid  absorption  and  give  no  data  on  the  fate  of  the 
salt  introduced,  but  assume  that  compared  to  sodium  chloride  rela- 
tively Uttle  ifi  absorbed. 

From  the  pleural  cavity,  Leathes  and  St&rlii^  (7)  report  absorption 
of  Bodiiuu  and  magnesium  sulphates. 


In  the  experiments  to  be  reported  below,  the  same  technique  waa 
employed  as  in  our  previous  investigations.  The  sodium  sulphate 
used  for  making  solutions  was  in  most  cases  the  anhydrous  salt.  Glau- 
ber's salt  was  found  to  give  similar  results.  Sulphates  were  determined 
gravimetrically,  weired  as  barium  sulphate.  The  magnesium  waa 
determined  by  the  McCrudden  (8)  method.  At  the  conclusion  of  the 
experiment  the  colon  was  washed  re[>eatedly  with  distilled  water,  the 
total  volume  of  the  washings  was  about  one  hter.  In  computing  the 
amount  of  sulphate  unaccounted  for,  the  sulphates  of  the  washings 
and  samples  are  deducted  from  the  total  amount  introduced  initially. 

EXPEROIBNTAL 

The  experimental  results  are  appended  in  tables  1  and  2.  Consider- 
ing first  the  volume  changes  of  the  fluid  in  the  colon,  it  will  be  noted 
that  with  a  hypertonic  solution  of  sodimn  Bulphate  (8.15  per  cent, 
exper.  21)  there  is  an  increase  in  volume,  which  is  considerable  during 
the  first  few  hours,  finally  (after  10  hours)  remaining  stationary  within 
the  range  of  the  error  of  delivery.  In  experiment  44,  where  a  strongly 
hypotonic  solution  is  intr6duced,  there  is  a  very  rapid  absorption  of 
fluid  which  continues  for  six  hours. 

In  experiments  46  and  47,  where  solutions  of  2.01  per  cent  sodium 
sulphate  are  used,  there  is  no  considerable  volume  variation  in  either 
case;  with  the  exception  of  the  first  period  of  experiment  46,  mostof 
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the  changes  are  not  considerably  beyond  the  experimental  error  of 
delivery  of  the  fluid. 

The  volume  changes  in  the  magnesium  sulphate  experiment  cannot 
be  discussed  in  connection  with  this  salt  alone,  inasmuch  as,  for  other 

TABLE  1 
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experimental  purposes,  sodium  chloride  was  present  in  the  initial 
solutions.  However,  in  the  last  period  we  know  from  analysis  that 
sodium  chloride  was  present  in  but  very  email  amount  (0.06  per  cent 
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or  0.071  gram).  Hence,  we  may  say  that  the  volume  increases  to  a 
constant  level,  due  to  the  osmotic  pressure  of  the  magnesium  sulphate. 

The  changes  in  concentration  of  sodium  sulphate  in  experiments  21 
and  .44  parallel  the  changes  in  volume.  In  the  former  (hypertonic 
solution)  the  concentration  decreases  rapidly  and  becomes  fixed  at 
about  the  same  time  as  the  volume.  In  the  latter  (hypotonic  solution) 
the  concentration  is  increased  during  the  period  of  the  experiment. 

In  experiments  46  and  47  there  is  the  anomaly  of  little  fiuid  change, 
yet  in  the  latter  there  is  an  undoubted  diminution  of  the  concentration. 

With  magnesium  sulphate,  in  experiment  68,  on  introduction  of  a 

TABLE  1 

The  behavior  of  MgSOt  in  the  colon 


; 

;. 

; 

. 

E 

I 

E 

a 

i 

s 

i 

1 

I 

il 

il 

i\ 

i 

1 

! 

< 

< 

-,i«. 

«. 

«. 

«. 

tmt 

tnl 

.r.„. 

„,. 

r... 

grtwit 

IMIW 

68 

60 
60 
60 
SO 
60 
60 

100 
113 

125 
110 
118 
118 

113 
125 
110 
118 
118 
118 

+13 
+  12 
-15 
+  8 
0 
0 

3.56 

60 

118 

118 

0 

2.83 

3.572 

3,468 

0.104 

0.713 

D.7H 

0.583 

0.610 

hypertonic  solution  there  is  a  decrease  in  concentration  during  the 
course  of  the  experiment. 

Inasmuch  as,  in  this  work,  our  primary  interest  centered  around  the 
differences  in  the  initial  and  final  solutions,  the  changes  in  concentra- 
tion and  osmotic  pressure  of  the  solutions  were  not  determined  from 
hour  to  hour. 

The  final  A  of  the  solutions  is  determined  in  experiments  44,  46,  47 
and  68.  In  every  case  it  closely  approximates  the  blood  i,  although  it 
will  be  noted  in  the  first  three  experiments  that  the  concentration  of 
sulphate  in  the  final  solution  varies.  In  experiment  46  a  chloride  esti- 
mation in  the  final  solution  shows  a  concentration  of  0.01  per  cent  or  a 
total  of  14  mgm.  Also  in  experiment  68  the  chloride  concentration 
in  the  final  solution  is  0.06  per  cent  a  total  of  70  mgm.     The  final  A, 
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therefore,  is  not,  in  any  considerable  part,  due  to  chlorides  as  we  shall 
show  in  a  following  paper. 

The  amount  of  sodium  sulphate  or  magnesium  sulphate  unaccounted 
for  at  the  end  of  the  experiment  is  computed.  For  the  sodium  sulphate 
this  varies  from  200  to  400  mgm.  in  a  period  of  six  to  ten  hours.  In 
experiment  21,  2.445  grams  are  introduced  with  a  deficit  of  395  mgm. 
in  ten  hours. 

In  experiment  46,  the  initial  solution  contained  3.015  grams,  and  237 
mgm.  remained  unaccounted  for  after  six  hours.  In  experiment  44, 
when  but  1.25  grams  are  present,  there  is  a  deficit  of  206  mgm.  in  six 
hours. 

In  the  above  calculations  the  siilphate  determined  is  computed  aa 
sodium  sulphate  for  convenience  of  comparison,  but  does  not  imply 
that  all  the  sulphate  was  present  in  the  colon  as  sodium  sulphate. 

Experiment  68  shows  but  a  shght  loss,  104  mgm.  of  magnesium  sul- 
phate (equivalent  to  83  mgm.  of  sulphate).  Magnesium  was  also 
determined  and  recovered  quantitatively.  The  grade  of  sulphate 
absorption  from  magnesium  sulphate  is  therefore  very  low,  these  figures 
indicating  that  it  is  below  the  sulphate  absorption  from  solutions  of 
sodium  sulphate.  None  of  the  magnesium,  from  this  single  experi- 
ment, appears  to  be  absorbed  through  the  colon. 

DISCUSSION 

The  experiments  presented  show  that  hypertonic  solutions  of  sodium 
or  magnesium  sulphate  gain  in  volume  in  the  colon  of  the  dog.  The 
concentration  decreases  and  the  1  approaches  that  of  the  blood.  Hy- 
potonic solutions  of  sodium  sulphate  decrease  in  volume,  the  concen- 
tration rises  and  the  A  approaches  blood  level.  Solutions  of  a  concen- 
tration of  sodium  sulphate  about  iso-osmotic  with  the  Mood,  exhibit 
little  change  in  volume  and  approadi  the  A  of  the  blood.  In  this  we 
are  in  accord  with  the  observations  of  Koveai  (3),  and  also  those  of 
Wallace  and  Cushny  (6),  who  showed  a  similar  behavior  in  the  small 
intestine.  The  difference  of  the  final  concentration  of  sodium  sul- 
phate in  the  separate  experiments  is  yet  to  be  accounted  for.  We 
have  shown  that  chlorides  are  not  present,  hence  the  presence  of  sodium 
chloride  cannot  be  the  explanation. 

The  concentration  of  sodium  sulphate  equi<osmotic  with  a  0.95  per 
cent  sodiiun  chloride  solution  is  1.87  per  cent,  calculated  from  the 
figures  of  Landolt-Bdmstein.    For  magnesium  sulphate  it  is  2.80  per 
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cent.  It  will  be  noted  that  the  final  conceBtratioos,  in  the  solutions 
in  the  table  above,  closely  approximate  these  figures. 

Only  a  very  small  amount  of  sulphate  is  absorbed  from  aodium  sul- 
phate solutions  in  the  colon.  The  work  of  Mathew  Hay  (1),  (2)  indi- 
cates that  a  large  amount  of  sulphate  is  absorbed  frcHn  solutions  of 
aodium  sulphate  in  the  intestine,  for  the  most  part,  while  the  solution 
is  still  in  the  small  intestine.  This  author  believes  that  there  is  an 
accumulation  of  the  salt  in  the  lar^  intestine,  due  to  a  slow  rate  of 
absorption  in  this  region,  and  to  a  passage  into  the  lai^e  intestine  of 
sulphate  from  the  blood,  since  the  blood  is  high  in  content  of  this  salt 
from  absorption  from  the  small  intestine.  Our  results  are  in  com- 
plete harmony  with  the  experimental  findings  of  Hay  although,  on 
the  basis  of  oiu*  studies,  we  wish  to  present  a  s<snewhat  different  inter- 
pretation of  these  results.  We  would  suggest  that  the  accumulatiou  of 
salt  in  the  colon  in  Hay's  experiments  is  due  entirely  to  sodium  sul- 
phate entering  from  the  small  intestine,  and  that  this  accumulation  ia 
only  dependent  upon  the  very  sl^t  permeability  of  the  colon  to  tie 
salt.  The  supposition  of  passage  of  sulphate  from  the  blood  into  the 
colon,  an  unlikely  phenomenon,  is  therefore  unnecessary.  That  the 
volume  of  the  solution  is  maintained  is  also  due  to  this  fact  and  not, 
as  Hay  (1),  (2)  suggested,  to  the  mucous  content  of  the  colon  fluid,  for 
in  our  experiment  with  a  clean  colon  this  factor  was  not  observed. 

On  this  basis  we  wish  to  suggest,  with  added  proof  to  that  already 
offered  by  Hay,  that  this  factor  of  exceedingly  slight  disappearance  of 
sodiiun  sulphate  points  to  the  colon  as  playing  a  very  important  rfile  in 
catharsb.  Providing  the  cathartic  salt  reaches  the  colon  insufficient 
amount,  so  that  by  osmotic  interchange  between  the  blood  and  colon 
enough  fluid  is  introduced  to  increase  the  bulk  and  fluidity  of  the  colon 
contents,  catharsis  will  be  assured.  This  might  occur  independent  of 
the  volume  of  fluid  reaching  the  colon  from  the  smaU  intestine.  The 
determining  factor  will  be  the  amount  of  the  salt  which  reaches  the 
large  intestine,  and  inasmuch  as  little  is  absorbed,  this  will  be  cumula- 
tive. Furthermore,  once  OQough  of  an  isotonic  or  hypertonic  solution 
has  reached  the  large  intestine  to  increase  the  bulk  and  fluidity  of  the 
colon  contents,  catharsis  is  assured,  for  we  have  shown  that  but  a 
small  quantity  of  the  salt  is  absorbed  in  ten  hours. 

The  very  small  amount  of  sulphate  which  remains  unaccounted  for 
in  our  experiments  bears  no  constant  relationship  to  the  amount  intro- 
duced, in  fact  the  figures  are  of  the  same  order,  independent  of  time  of 
gojcum  or  concentration  of  the  initial  solution.     This  leads  us  to  believe 
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that  we  are  not  dealing  with  an  absorption  phenomenon.  The  other 
possibility  which  occurs  to  us  is  the  adsorption  of  a  rather  definite 
amount  of  sodium  sulphate  by  the  intestinal  wall,  which  may  be  pro- 
portional to  the  final  rather  than  the  initial  concentration  of  sodium 
sulphate.  Hofmeister  (9)  has  shown  that  colloid  substances  (^ar- 
agar  and  gelatine)  as  well  as  dried  tissue,  may  take  up  Suid  and  salt 
of  solutions  in  which  they  are  soaked.  This  varies  with  different  salts. 
At  the  end  of  our  experiments  the  intestine  was  washed  with  distilled 
water,  yet  there  is  still  the  possibility  that  any  sulphate  so  held  by  the 
tissue  would  escape  the  washing  process. 

The  very  low  permeability  of  the  large  intestine  for  m^;nesium  is  in 
accord  with  the  findings  of  Hay  (1),  (2)  on  the  elimination  of  mag- 
nesium sulphate.  Hay  suggests  that  the  magnesium  remains  in  the 
intestine  and  that  sulphate  is  absorbed  and  probably  excreted  as  a 
sodium  compound.  It  also  agrees  with  the  findings  of  Wallace  and 
Cushny  (6)  who  report  "very  slow"  absorption  of  the  cations  of  the 
alkaline  earths. 

Hofmeister  (10)  suggests  that  the  cathartic  action  of  magnesium 
sulphate  is  due  to  the  formation  of  mi^nesium  carbonate  and  sodium 
sulphate  in  the  intestine.  Such  an  assumption  is  not  necessary  on  the 
basis  of  our  work. 

CONCLUeiONS 

1.  The  colon  ttehaves  toward  solutions  of  sodium  sulphate  essen- 
tially Uke  a  semi-permeable  membrane.  Water  is  absorbed  from  hy- 
potonic solutions,  and  the  A  increases  to  blood  level.  With  hypertonic 
solutions  the  volume  increases,  the  concentration  decreases  and  the  A 
approaches  blood  level.  Solutions  of  concentration  nearly  iso-osmotic 
with  the  blood  show  little  change  in  volume  and  the  i  closely  approxi- 
mates the  A  of  the  blood.  Hence,  there  is  free  passage  of  water  with 
practically  no  diffusion  of  sulphate, 

2.  The  deficit  of  sodium  sulphate  is  very  small  and  bears  no  constant 
relationship  to  the  total  amount  of  sodium  sulphate  introduced,  nor  is 
it  dependent  upon  the  length  of  stay  in  the  colon,  and  therefore  seems 
to  be  due  to  adsorption  rather  than  to  a  diffusion. 

3.  Magnesium  sulphate  shows  even  less  absorption  from  the  colon 
than  sodium  sulphate.  - 

4.  The  failure  of  absorption  of  the^e  salts  from  the  colon  empha- 
sises the  specific  importance  of  the  lai^e  intestine  in  saline  catharsis. 


oy  Google 


458  SAUUBL  OOLDSCHUIDT  AND  ABTHUR  BUBS  DATTON 

BIBLIOGRAPHY 

(1)  Hat:  Jouro.  Phygiol.  and  Anat.,  I8S2,  xvi,  243,  391,  56S. 

(2)  Hat:  Joum.  Phyaiol.  and  Anst.,  I8S3,  xvii,  62,  222,  405;  Brit.  Med.  Joum., 

1SS2,  1204. 

(3)  KovESi:  Centralbl.  f.  Physiol.,  18S7,  xi,  553. 

(4)  GuuiLBWSKi:  Pauger's  Arch.,  1886,  xxxix,  S56. 

(5)  Hbioenbain:  PflUger's  Arch.,  1894,  Ivi,  579. 

(6)  Wallace  and  CnaHNr:  This  Journal,  1898,  i,  411. 

(7)  Lbatheb  and  Starling :  Joum.  Physiol.,  1895,  xviii,  106. 

(8)  McCrudden:  Journ.  Biol.  Chem.,  1909,  vii,  83. 

(9)  Hopubister:  Arch.  f.  Exper.  Path.  u.  Pharm.,  1890,  xxvii,  395;  1891,  xxviii, 

210. 
(10)  Hopiibibter:  Arch.  f.  Exper,  Path.  u.  Pharm.,  1887,  xxiv.  247. 


oy  Google 


STUDIES   IN   THE   MECHANISM   OF  ABSORPTION  PROM 
THE  INTESTINE   ' 

V.    The  Colon.     The  Effect  of  Sodium  StJLPiiATB  upon  the 
Absorption  of  Sodium  Chlohide  when  the  Salts  are  Intro- 
duced   SraUI/TANEODSLT   DJTO   THE    INTESTINE 

SAMUEL  GOLDSCHMIDT  and  ARTHUR  BLISS  DAYTON 

From  ikt   HunUrian  Laboratory  of  EzperimerUtd  Pathology,   Jokru  Hopkini 

UniMrrity,  Baltimort 

Received  for  publication  March  12,  1919 

In  the  preceding  paper  of  this  series  it  has  been  shown  that  the  colon 
acts  toward  solutions  of  sodium  sulphate  and  magaesium  sulphate 
essentially  like  a  semi-permeable  membrane.  To  sodium  chloride  solu- 
tions, on  the  other  hand,  the  colon  resembles  in  many  respects  a  per- 
meable membrane.  The  cause  of  this  difference  in  behavior  to  the 
same  surface  is  of  extreme  interest.  Is  it  due  to  the  effect  of  the  salt, 
per  ae,  upon  the  cells  or  walls  of  the  colon  whereby  the  permeability  of 
the  colon  is  altered?  This  is  indeed  one  possibility  which  it  is  our 
purpose  to  put  to  a  test  in  the  following  experiments. 

StarUi^  (1),  discussing  intestinal  absorption,  says: 

If,  oa  the  other  hand,  salts,  such  as  aodium  sulphate,  which  pass  with  extreme 
difficulty  through  the  cell  lining  are  present,  the  oamotic  pressure,  due  to  the 
disBolved  salts,  continues  as  a  force  opposing  the  absorptive  activity  of  the  cells. 

Heidenhain  (2)  finds  that  there  is  less  absorption  of  water  from 
magnesium  sulphate  solutions,  in  the  small  intestine,  than  from  sodium 
chloride  solutions  of  equal  or  even  greater  osmotic  pressure.  The 
author  points  out  that,  if  water  absorption  from  the  intestine  were 
dependent  upon  osmotic  pressure  factors,  equi-osmotic  solutions 
should  have  the  same  water  absorption.  Hence,  Heidenhain  ascribes 
this  action  of  magnesiiun  sulphate  to  an  influence  upon  the  "physio- 
logical activity"  of  the  intestinal  cells.  In  order  to  increase  the  os- 
motic pressiu^  of  solutions  introduced  into  the  small  intestine,  without 
changing  the  amount  and  concentration  of  sodium  chloride,  this  inves- 
tigator adds  "an  indifferent  neutral  salt,  sodium  sulphate."     He  states 
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that  both  the  absorption  of  fluid  and  of  chloride  may  diiniiush.  The 
author  adds  that  the  action  is  purely  physical  and  disappears  if  the 
intestine  is  well  washed. 

Wnllace  and  Cushny  (3)  discuss  the  probable  cause  of  the  non- 
absorption  of  the  cathartic  salts,  and  suggest  as  a  possible  explanation 
the  precipitation  of  calcium  in  the  intestinal  wall  by  these  salts.  They 
give  as  analogies  the  effect  of  the  precipitation  of  calcium  in  coagula- 
tion of  blood  and  of  milk.  These  investigators  state  that  while  sodium 
sulphate  does  not,  as  a  general  rule,  impair  the  absorption  of  intestinal 
loops  permanently,  they  infer  that  there  is  an  injurious  effect. 

Hay  (4)  discusses  the  effect  of  solutions  of  sodium  sulphate  upon  the 
absorptive  power  of  the  intestine.  In  order  to  test  this  point  he  injects 
strychnine  into  sodium  sulphate  solutions,  in  ligatured  loops  of  the 
small  intestine  of  cats.  Hay  concludes  that  the  intestine  retains  its 
powers  of  absorption  even  when  a  20  per  cent  solution  of  a  purgative 
salt  has  been  used,  and  also  that  the  absorptive  power  of  the  intestine 
is  less  injured  by  a  weak  solution  than  by  a  strong  solution  of  the  salt. 
He  further  believes  to  have  demonstrated  that  strong  solutions  of 
sodium  sulphate  retard  absorption  of  weak  solutions  subsequently 
introduced. 

Waymouth-Reid  (5)  finds  that  when  sodium  chloride  is  added  to 
glucose  solution  in  the  small  intestine,  the  uptake  of  glucose  is  favored 
at  the  same  time  that  water  is  retarded  by  the  salt.  He  concludes  that 
this  is  evidence  that  "chemical  excitation"  may  play  a  part  in  intes- 
tinal absorption. 

Hamburger  (6),  in  a  study  of  the  changes  in  volume  of  isolated 
epithehal  cells  of  the  small  intestine,  subjects  them  to  sodium  chloride 
and  magnesium  sulphate  solutions.  Magnesium  sulphate  tn  increas> 
ing  concentration  swells  the  cells.  When  the  cells  are  merely  soaked 
in  magnesium  sulphate,  and  then  subjected  to  increasing  concentra- 
tions of  sodium  chloride.  Hamburger  finds  that  there  is  a  greater  power 
of  diminishing  the  volume  of  the  cells,  than  when  the  cells  arc  merely 
subjected  to,  sodium  chloride  alone  in  increasing  concentration.  He 
believes  that  magnesium  sulphate  alters  the  state  of  permeability  of 
the  cells. 


The  experimental  procedures  and  methods  of  analysis  employed  in 
this  investigation  are  similar  to  those  in  previous  papers  of  the  series. 
In  comparing  the  tvtal  amount  of  chlorides  absorbed  when  increasing 
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UDOunta  of  Bodium  sulphate  are  added  to  the  solution,  the  coDcentra- 
tion  of  chlorides,  volume  of  solution  introduced  and  length  of  stay  in 
the  intestine,  have  been  kept  constant.  Hence,  the  only  variables  are 
the  sodium  sulphate  and  osmotic  pressure  of  the  solution.  A  low  con- 
centration of  sodium  chloride  has  been  selected  for  this  purpose  in 
order  to  give  as  large  a  range  of  concentration  as  possible  below  the 
osmotic  pressure  of  the  blood,  and  thus  avoid  the  interfering  factor  of 
fluid  infiow  from  the  blood.  The  sodium  sulphate  was  the  anhydrous 
salt. 

BXPERHIENTAL 

The  data  in  table  1,  above,  demonstrate  that  when  a  solution  con- 
taining sodium  sulphate  and  sodium  chloride  is  introduced  into  the 
colon,  the  chlorides  are  absorbed  to  completion,  while  the  sulphate  is 
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responnble  for  nearly  the  total  osmotic  pressure  equilibrium  between 
the  gut  contents  and  the  blood.  The  initial  concentration  of  sodium 
sulphate  is  that  of  a  solution  slightly  hypertonic  with  the  blood.  In 
both  experiments  the  final  concentration  of  sodium  sulphate  approaches 
the  concentration  of  a  solution  equi-osmotic  with  the  blood.  The  final 
A  of  the  gut  contents  also  shows  little  variation  from  that  of  the  blood. 
Since  examples  for  analysis  were  removed  at  the  end  of  each  period  we 
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cannot  get  a  proper  picture  of  the  changes  in  the  volume  of  fluid,  but 
it  is  evident  that  they  are  slight  except  in  the  first  periods. 

Of  greater  interest  is  the  change  in  the  sodiiuu  chloride  content.  In 
experiment  34,  the  initial  solution  introduced  contained  0.92  per  cent 
sodium  chloride,  there  is  a  rapid  and  progressive  decrease  in  concen- 
tration until  the  final  solution  contains  but  0.04  per  cent.  A  solution 
of  0.6  per  cent  (480  mgm.)  was  introduced  in  experiment  48  and  the 
final  solution  contained  but  0.01  per  cent  (7  mgm.).  During  the  last 
hour  of  this  experiment  the  solution  was  repeatedly  removed  and 
returned  so  that  absorption  was  facilitated  by  mixing. 


TABLE  1 
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tration with  dlB- 
appearaace  of  NaCl 

68 

2.80 

0.82 

0.06 

0.610 

0.583 

Solution  of  MgSO. 
undergoing  dilution 
with  disappCKranee 
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Table  2  shows  two  experiments  which  demonstrate  the  behavior  of 
sodium  chloride  in  the  presence  of  magnesium  sulphate  in  the  large 
intestine.  These  data  present  precisely  the  same  features  as  are  shown 
in  table  1  with  sodium  sulphate.  With  a  concentration  of  magnesium 
sulphate  hypertonic  with  the  blood  (exper.  68,)  the  chlorides  are  rapidly 
absorbed  and  the  amount  present  rapidly  approaches  a  zero  value 
(0.06  per  cent  or  71  mgm.).  The  concentration  of  magnesium  sulphate 
is  nearly  that  of  a  solution  equi-osmotic  with  the  blood.  The  A  of  the 
final  solution  closely  approximates  that  of  the  blood. 

With  a  concentration  of  magnesium  sulphate  hypotonic  with  the 
blood  (^per.  50,)  both  fluid  and  chlorides  are  rapidly  absorbed.  There 
is  every  indication  that  if  the  experiment  were  continued  for  a  suffi- 
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(dent  period  of  time,  the  chlorides  would  diminish  to  a  very  low  figure, 
and  the  magnesium  sulphate  reach  a  concentration  of  a  solution  equi- 
oemotic  with  the  blood. 

It  has  been  shown  in  previous  work  that  chlorides  pass  into  distilled 
water  in  the  large  intestine  (7).  In  table  3  have  been  compiled  a  few 
typical  protocols  which  show  the  degree  to  which  this  phenomenon 
occurs  when  the  fluid  in  the  colon  is  sodium  sulphate.  These  data 
demonstrate  that  the  total  amount  of  chlorides  passing  into  dilute 
solutions  of  sodium  sulphate  is  less  than  that  passing  into  water  (exper. 
40)  and  that  the  percentage  concentration  is  also  lower.  Furthermore, 
it  will  be  noted  that  the  order  of  magnitude  of  chloride  concentration 
and  total  amount  is  less  in  solutions  of  sodium  sulphate  ea  the  concen- 
tration of  the  latter  increases  (exper.  41,  33  and  34.) 

TABLE! 

The  pottage  of  chXoridet  into  tolutions  of  todium  sulphate  in  colon 


UPUIHIHT 

™, 

TOLT^I 

TOLCH 

NuSO. 

NmCl 

XT 

■TMIM 

BKOTUID 

mil. 

ee. 

«». 

pa- cm 

pirenl 

rom. 

40 

30 

100 

90 

0 

0.09     " 

0.081 

30 

100 

88 

0 

0.08 

0.070 

30 

100 

87 

0.15 

0.05 

0.043 

3D 

100 

87 

0.15 

0.03 

0.026 

30 

lOO 

S3 

0.18 

0.04 

0.033 

30 

05 

82 

0.30 

0.03 

0.025 

41 

30 

140 

81 

0.50 

0.01 

0.011 

33 

120 

105 

126 

1.00 

0.02 

0.24 

34 

45 

100 

95 

2.00 

0.02 

0.16 

Up  to  this  point  it  has  been  shown  that  sodium  chloride  in  the  pres- 
ence of  either  sodium  or  magnesium  sulphate  in  the  large  intestine  is 
absorbed  and  after  a  time  approaches  a  zero  value.  Further  experi- 
ments show  that  sodium  sulphate  infiuences  the  speed  of  absorption 
of  sodium  chloride.    The  results  ^re  ^ven  in  table  4. 

In  the  experiment  presented  (79),  increasing  concentrations  (0.1  to 
2.0  per  cent)  of  sodium  sulphate,  containing  a  constant  concentration 
of  sodium  chloride,  are  introduced  into  the  intestine.  Since  the  volume 
of  the  solutions  introduced  is  constant,  the  total  amount  of  sodium 
chloride  La  each  solution  is,  therefore,  the  same.  The  time  which  the 
solution  is  allowed  to  remain  in  the  intestine  is  also  the  same  in  all 
periods.   The  range  of  osmotic  pressure  in  the  sodium  sulphate  solu- 
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iioiifl  is  from  a  strongly  hypotonic  to  hypertonic,  as  compared  to  the 
blood.  Experimental  periods  (sodium  sulphate)  are  always  alternated 
with  control  periods  (sodium  chloride  alone).  After  each  period  in 
which  sodium  sulphate  has  been  used,  the  colon  is  washed  with  saline 

TABLE  4 
Effect  of  todium  tvlpluiie  upon  tlu  tpttd  of  diffiuion  of  NaCl  in  the  colon 


•".Si"_- 

I 

1 
P 

1 

if 

6 

^ 

i 

1 

aa 

r 

Exp«rimeat  79 

1 

«.. 

«L 

... 

SHu 

Sit 

<nl 

p,<^ 

-r-. 

SUt 

30 

100 

76 

-24 

0 

0.3 

J. 36 

+0.0f 

-26  ».210!0  275 

o.u 

Period  1 

30 

101 

76 

-26 

0 

0  3 

).3S 

+0.05 

-37)20510,205 

0,15 

30 

toi 

75,! 

-24.5 

0 

0.3 

).35 

+0,« 

-M 

).200k),25( 

0:15 

30 

100 

71  6 

-28.5 

0.10 

0.3 

0,33 

+0.03 

-64  9,228 

0,297 

0,23 

Period  2 

The  pit  wuhed  with  300  cc.  of  0.3  per  cent  NaCI  eolution 

30     100171. 51-28, &|  0      1  0.3  |0.34|+0.04|  -57|0.20fl|0.252l  0.30 
30     100|76    1-24    lo.fiol  0.29|0.28|-0.0l|  -77|o.363!o-404|o.32 

Gut  wuhed  with  400  cc.  of  0.3  per  cent  N»C1  solution 

30     100170     -30    10        0  3  10.85+0.061  -5S{0. 21010. 259  0.18 
80     100|91     -9    1  1.0     0.3  |0.24-0,06|  -82|0  498|0,513  0.91 

Gut  washed  with  400  cc,  0.3  per  cent  NaCl  solution 

30     lOOl  72  |-28    10      1  0,3  l0.35[+0.05|  -4S|0.202|0.2S6|  0.17 
30     lOOllOO  1      0    1  I  5  1  0,3  |o.22|-0.08l  -80|o.646|o.81l| 

Gut  wuhed  with  400  oc.  of  0.3  per  cent  NaCl  solution 

30  1  lOOl  71  1-29    1  0        0.3  |0.36|+0.06|  -4*|0.195|0.2e0|  0.15 
30  1  100|l07  1+  7    1  2.0     0.29|0.2l|-0.08l  -65|o,775|o.709| 

Periods 

Gut  wuhed  with  400  ee.  of  0.3  per  cent  NaCl  solution 

30     100172. 61-27. 6  0      1  OSOJO-Sej+OOSl  -39|0.196J0.258|  0.14 
30     100|75    1-26      0      1  0,30|o.33|+0.03|  -52|o.l98lo.236|  0,21 

(0.3  per  cent),  in  order  to  remove  as  much  as  possible  of  the  sodium 
sulphate. 

It  will  be  noted  that,  with  increasing  concentration  of  sodium  sul- 
phate, the  total  amount  of  chlorides  absorbed,  in  every  case,  exceeds 
that  of  the  corresponding  control  period.    This  is  shown  graphically 
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in  figure  1.  This  is  trae  regardless  of  whether  the  experimental  solu- 
tions are  hypotonic  (periods  1,  2  and  3)  or  hypertonic  (periods  4  and  5.) 
The  volume  of  fluid  absorbed,  on  the  other  hand,  is  progressively 
decreased,  so  that  the  calculated  concentration  of  the  chloride  solution 
absorbed  shows  increasing  values  in  ^  the  experimental  periods.  It 
should  be  observed  that  whereas  in  the  control  periods  the  final  con- 
centration of  sodium  chloride  is  always  above  that  of  the  initial  solu- 
tion, the  reverse  is  the  case  when  sodium  sulphate  is  added  in  the 


exPcnincMT    I 


Fig.  1 

experimental  periods.  As  will  be  seen  from  the  table,  this  diminutioD 
in  the  concentration  of  chlorides  increases  as  the  concentration  of 
sodium  sulphate  is  raised  in  the  experimental  solution. 

Another  point  is  evident  when  one  compares  the  amount  of  chlorides 
absorbed  in  the  different  control  [>eriods  (table  4).  The  control  of 
period  2,  which  follows  the  first  period  in  which  sodium  sulphate  is 
used,  shows  an  undoubted  increase  of  chloride  absorption  over  the 
preceding  control  periods.    This  higher  level  of  chloride  al:»orptioD 
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TABLE  I 
Ejffeet  of  todiwa  Mtdpkate  upon  colon  wall 


1 

6 

100 
100 
100 

1 

77 
78 
75.5 

If 
3' 

1 
11 

s 

z 

i 

1^ 

a 

i 

S 

.„_ 

Experiment  80 
Period  1..  ' 

1 

30 
30 
30 

-23 
-22 
-24,5 

0 
0 
0 

0.310.33 
0,310.33 
0,310.33 

-56 
-53 
-61 

0.2160.250 
0.2140.254 

0.212  0.247 

Average  ab- 
sorption — 
57  mgni. 

Period  2.. 

2  per  cent  NaiSO*  introduced  into  gut  for  30  minutes  and 
washed  out  with  0.3  per  cent  NaCl  until  washingB  were  free 
from  SO4 

Period  3.. 

30 
30 
30 

100 
100 
100 

159 

67, S 
S7 

-41 

-32,5 

-33 

0 
0 
0 

0.31 

0,31 

B 

-86 

-74 
-75 

0. 2080.290 
0.3080,268 
0. 2060.265 

Average  ab- 
sorption — 
78mgm. 

Period  4.. 

2  per  cent  NaiS04  introduced  into  gut  tor  30  minutes  and 
washed  out  with  0.3  per  cent  NaCl  until  washings  were  free 
from  SO4 

Period  6.. 

30 
30 

100 
100 

67 

65 

-33 
-35 

0     0.31 
0      0.31 

0.35 
0.35 

-75 

-82 

0.213 

0  215 

0.27O 
0.265 

Average  ab- 
sorption — 
78mgm- 

Experiment  81 
Period  1... 

30 

100 

62 

-38 

0     0.31 

0,36 

-87 

Average  ab- 
sorption — 
87mgm. 

Period  2., 

1  per  cent  NaiSOt  introduced  into  gut  for  30  minutes  and 
washed  out  with  0.3  per  cent  NaCl  until  washings  were  free 
from  SOj 

Period  3.. 

30 
30 

100 
100 

56 
62 

7fl~ 

-44 
-38 

0 
0 

To 

0.30 
0.31 

0.37 
0.37 

-81 

Average  ab- 
sorption « 
87mgm. 

Period  4.. . . 

30 

100 

-21 

0.31 

0.25 

-112 

Periods... 

30 

100 

62 

-38 

0 

0,31 

0-37 

-81 

Period  8..., 

2  per  cent  NsiSOi  introduced  into  gut  for  30  minutes  and 
washed  out  with  0.3  per  cent  NaCl  until  washings  were  free 
from  SO, 

Period?.... 

30|100|63    1-37    {  0    |0.3l|0.3S|-71  |         |          1 
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persists  in  the  remaining  control  periods  of  the  experiment.  Table  5 
(above)  gives  two  typical  experiments  which  demonstrate  that  the 
effect  just  described  is  a  constant  one  after  sodium  sulphate  has  been 
in  the  colon. 


Efftcl  of  sodium  sulphate  contrasUd  with  mechanical  teathing  and  vario 
traliont  of  NaCI  and  diitilled  water  upon  the  colon  wall 


anuama 

I 

"1 

5!i 

1 

cS 

1 

■— 

Experiment  82 
Period  1 , . . 

30 

100 

78 

-22 

0,31 

0,34 

-45 

Period  2  . . 

Washed  intestine  with  950  cc.  of  0.31  per  cent  NaCI  Bolutioa 

Periods... 

30  1  100  1  76    1-24    1  0.3l|  0.34J  -52| 

Period  4... 

Washed  intestine  with  600  cc.  of  0.31  per  cent  NaCI  solution 

Periods... 

30  1  100  1  75.5[-24.5|  0.3l)  0.341  -53| 

Period  6- . . 

Allowed  1  per  cent  NaCI  to  remain  in  gut  for  30  minutes 

Period?... 
Period  8. . . 

30 
30 

30 

400 
100 

71,5 
91 

-28,6 
-  9 

0.31 
0,31 

0,35 
0,26 

-60 
-83 

cent    NaiSO*,     Note 
increased  NaCI  loss 

Experiment  83 
Period  1. .  - 

100 

80 

-30 

0.31 

0.34 

-38 

Period  2. . . 

Washed  inteetine  with  400  cc.  of  0.31  per  cent  NaCI  solution 

Periods... 

30  1  100  1  77.5|-22.5|  0.30|  0.33[  -44] 

Period  4.  1 

Washed  intestine  with  distilled  water  and  allowed  it  to  remain 
in  gut  for  30  minutes 

Period  5. . . 

Then  washed  intestine  with  200  cc.  of  0.31  per  cent  NaCI 

Period  6. .  - 

30  1  100  1  SO    1-20    1  0.30|  0.32|  -44| 

Period  7.  1 

Washed  intestine  with  0.6  per  cent  NaCI  solution  and  allowed 
-  it  to  remain  in  gut  for  30  minutes.    Then  washed  intestine 
with  200  cc.  of  0,31  per  cent  NaCI 

Period  8. . 

30  1  100  1  74    [-26    1  0.30|  0,33'  -56| 

Period  9 

Allowed   1.98   per   cent   NaCI   to   remain   in   gut  30   minutes. 
Then  washed   inteatioc  with  250  cc.  of  0,31,  per  cent  NaCI 

solution 

Period  10. 

30  1  100  1  73    1-27    1  0,30|  0,35|  -44l 
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There  is  little  doubt  that  in  period  3,  experimeDt  80,  after  a  2.0  per 
cent  sodium  sulphate  Bolution  is  allowed  to  remain  for  thirty  minutes 
in  the  intestine,  the  chloride  absorption  from  solutions  of  sodium 
chloride  is  of  a  higher  grade  than  in  period  1.  However,  a  repetition 
of  this  procedure  does  not  increase  this  latter  grade  of  chloride  absorp- 
tion, as  is  indicated  in  periods  4  and  5.  This  point  is  further  substan- 
tiated in  experiment  81.  Period  1  represents  a  period  following  the 
presence  of  sodium  sulphate  in  the  intestine  for  other  experimental 
purposes.  It  can  be  seen  that  the  amoimt  of  chloride  absorbed  cannot 
be  increased  by  subsequent  treatment  of  the  colon  with  sodium  sul- 
phate. However,  the  same  percentage  concentration  of  sodium  sul- 
phate, introduced  simultaneously  with  the  sodium  chloride,  increases 
the  amount  of  absorbed  chlorides  greatly  in  period  4. 

It  seemed  desirable  to  test  whether  the  effect  just  described  may  be 
due  to  the  mechanical  process  of  repeatedly  washing  the  intestine  with 
salt  solution,  giving  a  cleaner  absorptive  surface.  In  addition,  it  ia 
of  interest  to  know  whether  the  effect,  whatever  its  cause,  is  peculiar 
to  sodium  sulphate,  or  whether  treatment  of  the  intestine  with  other 
solutions  than  those  employed  would  produce  the  same  result.  The 
results  are  uniformly  negative  and  are  compiled  in  table  6. 

In  experiment  82  mechanical  washing  shows  no  effect  upon  the  grade 
of  chloride  absorption.  The  amoimts  of  sodium  chloride  absorbed 
do  not  show  any  marked  variation  from  period  to  period.  In  period 
8,  however,  the  addition  of  sodium  sulphate  gives  the  characteristic 
increase  of  chloride  absorption. 

In  experiment  83  it  is  shown  that  neither  distilled  water,  0.6  per 
cent,  nor  1.98  [>er  cent  sodium  chloride  solution  have  an  effect  upon 
the  amount  of  chlorides  subsequently  absorbed  from  solutions  of  0.3 
per  cent  of  this  salt. 

These  features  are  discussed  below. 

DISCUSSION 

The  data  presented  above  show  conclusively  thai  when  sodium 
chloride  and  either  sodium  sulphate  or  magnesium  sulphate  are  pres- 
ent in  the  colon,  the  amount  of  chlorides  decreases.  The  percentage 
concentration  of  these  sodium  chloride  solutions  progressively  de- 
creases, which  is  a  reversal  of  the  normal  behavior  of  solutions  of 
sodium  chloride  alon^.  The  concentration  of  sodium  or  magnesium 
sulphate  approaches  that  of  a  solution  equi-osmotic  with  the  blood. 
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The  A  of  the  solution  also  approximates  that  of  the  blood,  thus,  the 
sodium  or  magnesium  sulphate  makes  up,  as  far  as  we  may  judge  at 
present,  the  total  osmotic  pressure  equilibrium  between  the  colon 
contents  and  the  blood. 

It  has  been  further  shown  that  smaller  quantities  of  sodium  chloride 
pass  into  weak  solutions  of  sodium  sulphate  than  into  distilled  water 
in  the  colon.  This  eflfect  is  more  ex^gerated  with  increasing  concen- 
trations of  sodium  sulphate.  The  presence  of  sodium  sulphate  in 
sodium  chloride  solutions  increases  the  speed  of  absorption  of  chlorides. 
In  the  course  of  the  experiments  certain  observations  were  made  which 
may  throw  some  light  upon  the  cause  of  this  speeding  effect.  It  is 
noticed  that  after  sulphates  have  been  present  in  the  intestine,  the 
subsequent  control  periods,  with  solutions  of  pure  sodium  chloride, 
show  an  increase  in  the  chloride  absorption.  This  increased  chloride 
absorption  rises  to  a  maximum  usually  after  the  first  introduction  of 
the  Bodiiun  sulphate  solution,  and  is  maintained  at  almost  the  same 
level  in  all  of  the  following  control  periods.  It  is  difficult  to  ascribe 
this  effect  to  only  sulphates  retained  in  the  intestine,  inasmuch  as  it  is 
constant,  r^ardless  of  the  concentration  of  sulphate  introduced  in  the 
experimental  periods.  Another  factor  which  we  have  thought  might 
in  part  account  for  this  "lag"  is  the  mechanical  effect  of  washing  the 
intestine,  but  our  experiments  on  this  point  give  negative  results. 

The  poesibihty  arises  that  the  speeding  effect  is  due  to  an  action  of 
the  sodium  sulphate  upon  the  permeability  of  the  intestinal  epithelium. 
We  have  tried  in  other  ways  to  influence  the  permeabiUty  of  the  mem- 
brane, by  introduction  of  hypertonic  solutions  of  sodium  chloride  and 
by  distilled  water,  with  negative  results.  Hence,  at  this  stage  of  our 
investigations  this  problem  is  unsettled. 

We  wish  to  suggest,  as  another  possible  explanation,  that  the  total 
osmotic  pressure  of  the  solution  is  an  important  factor  in  determining 
the  rate  and  direction  of  the  passage  of  diffusible  substances  through 
the  intestine,  whether  or  not  this  osmotic  pressure  is  due  to  diffusible 
or  non-diffusible  substances. 

The  inability  of  distilled  water  and  high  concentrations  of  sodium 
chloride  (1.98  per  cent)  to  affect  the  subsequent  absorptive  capacity  of 
the  intestinal  wall  proves  that  the  intestinal  epithehum  is  not  injured. 
This  is  of  interest  in  connection  with  the  observations  of  Waymouth- 
Reid  (8)  that,  in  portions  of  the  small  intestine,  the  epithelium  is  very 
susceptible  to  strength  of  solution  employed  and  especially  to  distilled 
water.    He  reports  there  mere  washing  of  a  loop  of  the  small  intestine 
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with,  distilled  water  showB  less  absorption  from  the  animal'B  own  serum 
than  a  control  washed  with  0.9  per  cent  sodium  chloride.  These  obser- 
vations are  not  in  accord  with  our  experiments. 

Within  the  range  of  concentration  of  sodium  sulphate,  used  in  our 
experiments,  there  is  absolutely  no  evidence  that  the  presence  of  so- 
dium sulphate  injures  the  intestinal  epithelium  as  suggested  by  Hay  (4) 
and  Wallace  and  Cushny  (3)*,  and  thereby  impedes  absorption  of  so- 
dium chloride  from  solutions  subsequently  introduced. 

Our  results  are  also  contrary  to  those  of  Hetdenhain  (2),  using  the 
small  intestine,  that  there  is  a  retardation  of  salt  absorption  when 
sodium  sulphate  is  added  to  sodium  chloride.  In  regard  to  water 
absorption  we  are  in  agreement. 

The  cause  of  the  failure  of  passage  of  sodium  sulphate  through  the 
colon  wall  is  of  utmost  interest. 

Hamburger  (6),  from  his  experiments  upon  isolated  epithelial  cells, 
believes  that  magnesium  sulphate  alters  the  state  of  permeability  of 
the  cells.  From  our  experiments  we  must  conclude  that,  if  this  be  the 
case,  the  effect  must  be  an  increased  permeability,  at  least  for  sodiuia 
chloride. 

The  suggestion  of  Wallace  and  Cushny  (3)  that  the  probable  expla- 
nation of  the  cause  of  the  low  absorption  of  the  cathartic  salts  is  the 
precipitation  of  calcium  in  the  intestinal  wall,  is  of  interest  in  this 
connection.  If  these  authors  imply  that  this  is  the  factor  influencing 
the  permeabiUty  of  the  epitheUum,  we  cannot  agree.  For,  if  this  be 
true,  the  absorption  of  sodium  chloride  as  well  aa  sodium  sulphate 
should  be  impeded.  Our  experiments  show  that  not  only  is  the  absorp- 
tive capacity  of  the  intestinal  wall  for  sodium  chloride  not  decreased 
but,  on  the  contrary,  is  increased  under  these  conditions. 

The  effect  of  sodium  sulphate  upon  sodium  chloride  is  not  without 
analogy  in  the  body.  Hamburger  (0)  finds  that  on  injection  of  a 
hypertonic  solution  of  sodium  sulphate  into  the  blood  of  dogs  and 
horses,  there  is  a  reduction  of  the  sodium  chloride,  carbonate  and  pro- 
tein content  of  the  serum,  although  the  osmotic  pressure  of  the  blood 
returns  to  normal  very  quickly.  Hypotonic  solutions  have  the  same 
effect.  He  believes  that  this  is  due  to  the  slowness  with  which  sodium 
sulphate  leaves  the  blood. 

Cushny  (10)  finds  in  rabbits  that  when  sodium  sulphate  and  sodium 
chloride  are  injected  tt^ether  into  the  blood  stream,  the  chlorides  of 
the  urine  rise  rapidly  not  only  in  absolute  amount  but  also  in  percent- 
age, followed  by  a  rapid  fall.    The  sulphate  excretion,  on  the  other 
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hand,  falls  more  slowly  and  is  present  in  the  urine  after  the  chlorides 
have  disappeared.  Sulphates  injected  alone  also  give  a  large  excretion 
of  chlorides.  The  author's  explanation  of  this  phenomenon  is  the  dif- 
ference in  the  reabsorption  of  sodium  chloride  and  sodium  sulphate  in 
the  kidney.  This  investigator  says  that  the  epithelium  of  the  renal 
tubules  resembles  that  of  the  intestine  histologically  and  physiologi- 
cally in  its  reaction  to  chlorides,  phosphates  and  sulphates. 

Magnus  (11),  in  a  study  of  the  diuresis  produced  by  various  salts  in 
dogs  and  rabbits  finds  that,  when  sodium  sulphate  is  injected  into  the 
blood,  chlorides  sink  as  the  sulphate  content  rises  in  the  blood.  He 
beheves  that  chlorides  go  into  the  tissues.  This  investigator  does  not 
observe  the  increased  chlorides  in  the  urine. 


1.  When  sodium  sulphate  or  magnesium  sulphate  is  added  to  solu- 
tions of  sodium  chloride  and  introduced  into  the  colon,  the  concen- 
tration of  chlorides  diminishes  rapidly  and  the  amount  present  ap- 
proaches a  zero  point. 

2.  The  concentration  of  sodium  or  magnesium  sulphate  approaches  a 
value  of  a  concentration  equi-osmotic  with  the  blood.  The  final  A  of 
the  solution  approximates  that  of  the  blood. 

3.  Less  chlorides  diffuse  into  weak  solutions  of  sodium  sulphate  than 
into  distilled  water  and  this  amount  decreases  with  increasing  con- 
centration of  sodium  sulphate. 

4.  Sodium  sulphate  speeds  the  rate  of  absorption  of  sodium  chloride 
through  the  colon  wall  when  the  two  are  simultaneously  introduced. 
This  increases  with  increasing  concentration  of  the  sulphate.  It 
occurs  in  hypotonic  as  well  as  in  hypertonic  solutions. 

5.  After  sodium  sulphate  has  been  present  in  the  intestine  the 
subsequent  absorption  of  sodium  chloride  and  water  to  some  extent 
increases.     It  is  never  decreased. 

6.  Other  factors  such  as  mechanical  washing,  introduction  of  var- 
ious strengths  of  sodium  chloride,  and  notably  distilled  water,  do  not 
affect  the  subsequent  absorption  of  sodium  chloride  or  fluid  in  the 
colon. 

7.  Analogies  of  the  effect  of  sodiiun  sulphate  upon  chlorides,  in 
other  parts  of  the  body,  are  presented  from  the  literature. 
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It  has  been  demonstrated  that  sodium  sulphate  has  a  speeding 
effect  upon  the  diffusion  of  sodium  chloride  through  the  colon  wall. 
One  possible  explanation  of  this  phenomenon  is  an  effect  of  the  sodium 
sulphate  upon  the  permeability  of  the  intestinal  wall.  In  view  of  the 
well-known  antagonistic  action  of  calcium  upon  sodium  chloride, 
supposedly  related  to  permeability  changes,  we  have  studied  the  effects 
of  calcium  salts  upon  the  passage  of  chlorides  out  of  the  colon. 

The  researches  of  Loeb  (1)  lead  him  to  believe  that  the  antagonistic 
effects  described  by  him  are  dependent  ufton  the  salts  concerned  pre- 
venting each  other  from  entering  the  cells  or  to  a  difference  in  the  rate 
of  diffusion  of  the  salt  mixture  through  the  membrane,  and  not  an 
effect  upon  the  protoplasm. 

Osterhout  (2)  is  of  the  same  opinion  as  regards  the  hindering  effects 
of  the  salts  on  each  other,  but  finds  that  even  balanced  solutions  may 
enter  the  cell,  if  but  slowly.  He  believes  that  the  antagonistic  sub- 
stances affect  certain  life  processes  which  control  permeability.  The 
preservation  of  normal  permeability  according  to  the  investigator  is 
the  r^ult  rather  than  a  cause  of  ant^onism.  This  author  favors  the 
view  of  a  change  in  properties  of  the  membrane. 

Lillie  (3)  also  believes  that  the  "antitoxic"  action  of  calcium  salts 
upon  sodium  salts  is  due  to  a  prevention  or  retardation  of  the  increase 
in  permcabihty  produced  by  the  latt«r  salts  alone. 

Mathews  (4)  states  that  calcium  may  increase  the  permeability  of 
the  membrane  of  the  fundulus  egg  for  some  ions  and  reduce  it  for 
others. 
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Clowes  (5)  reports  that  salts  like  CaCli  dimimsh  the  permeability  of 
protoplasmic  membranes  for  water,  while  salts  like  NaOH  and  NaCI 
increase  the  permeability  of  the  membrane.  Although  antagonism 
is  due  to  a  balance  between  all  cations  and  anions  involved,  it  happens 
that  CaCU  has  a  dominant  cation  while  NaCl  has  a  dominant  anion. 

The  inhibitory  action  of  calcium  on  body  phenomena  has  been 
demonstrated,  MacCallum  (6)  observed  that  CaCli  may  exert  an 
inhibitory  effect  upon  the  diuretic  action  of  certain  hemolytic  sub- 
stances and  in  addition  inhibit  the  hemolysis.  Davis  (7)  has  found 
that  CaCli  iutnivenously  causes  uiinaiy  secretion  to  diminish  and  will 
antagonize  the  diuretic  action  of  sodium  chloride. 

The  following  data  are  presented  as  a  preliminary  report. 

METHODS 

The  experimental  methods  were  the  same  as  described  in  the  first 
paper  of  this  series  (8).  The  calcium  lactate  Ca(CtH(0t)i.5  H-O  was 
accurately  weighed.  The  composition  of  all  the  calcium  lactate  solu- 
tions is  expressed  as  grams  of  calcium  lactate  per  100  cc.  of  solution. 
The  calcium  chloride  was  the  anhydrous  salt,  and  the  concentrations 
are  similarly  expressed. 

EXPERIMENTAL 

The  data,  compiled  in  the  protocols  of  table  1  demonstrate  the 
accelerating  effect  followed  by  the  inhibitory  action  of  increasing 
concentration  of  calcium  lactate  upon  the  [lassage  of  chlorides  of  sodium 
chloride  from  the  colon. 

In  experiments  2  and  3,  with  a  level  of  sodiiun  chloride  of  0.6  per 
cent,  it  will  be  noted  that  with  increasmg  concentrations  of  calcium 
lactate,  a  point  Is  reached  where  the  total  amount  of  chlorides  absorbed 
is  diminished.  This  is  shown  in  experiment  2,  by  a  slight  diminution 
of  chloride  absorption  in  period  5.  A  more  marked  effect  is  shown  in 
period  6,  with  a  higher  concentration  of  calcium  lactate.  The  solu- 
tions of  period  5  are  isotonic  and  those  of  [>eriod  6  hypertonic  with  the 
blood.  In  experiment  3,  the  first  slight  inhibitory  action  is  in  period  6. 
The  next  two  periods,  7  and  8,  in  which  the  calcium  lactate  concentra- 
tion is  progressively  increased,  show  a  marked  decrease  in  the  chloride 
absorption.  Period  10,  which  corresponds  in  concentration  of  calcium 
lactate  to  period  6,  exhibits  a  decrease  from  the  preceding  control 
period  (9).    All  of  these  solutions  axe  hypertonic  with  the  blood. 
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TABLE  t 

The  effect  of  Ca  upon  looler  and  chloride  oSsorpfion  tn  the  colon 
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Experiment  2 

.in. 
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Period  1... 

3D 

83 

60 

-25 

0,62 

0 

0.64 

+0.02 

-143 

0.390 

0,414 

Period  2. . . 

30 

85 

60 

-25 

0.63 

0.1 

0.63 

0 

-158 

0.423 

0,43S 

1:21 

Period  3. . . 

30 

85 

65 

-22 

0.63 

0.3 

0,60 

-0.03 

-146 

0.466 

0.484 

1:7.0 

Period  4.  - . 

30 

85 

69 

-16 

0.63 

0.6 

0.56 

-0,07 

-140 

0.527 

0.530 

1:3,5 

Period  5. . . 

30 

85 

74 

-11 

0.62 

0.9 

0.55 

-0.07 

-130 

0,586 

0.586 

1:2.6 

Period  6. , . 

30 

_85 

81.5 

-  3.5 

0,61 

1.38 

0.57 

-0.04 

-  54 

0,674 

0,664 

1:1.5 

Experiment  3 

Period  1... 

30 

85 

62.5 

-22,5 

0.63 

0 

0.60 

+0,06 

-104 

Period  2.  . . 

30 

85 

69 

-16 

0,63 

0.42 

0.62 

-0,01 

-108 

1:4.9 

Period  3,  - . 

30 

85 

70 

-15 

0.63 

0.83 

0,58 

-0,05 

-130 

1:3,3 

Period  4... 

30 

86 

71 

-14 

0.63 

0,85 

0,57 

-0,06 

-131 

1:2,4 

Period  5. . . 

3D 

85 

76 

-  9 

0.63 

1.06 

0  54 

-0.09 

-125 

1:1.9 

Period  6, . . 

30 

85 

80.5 

-  4.5 

0.62 

1.42 

0.51 

-0.11 

-117 

1:1.4 

Period  7.  - , 

30 

85 

89 

+  4 

0,62 

2.65 

0.46 

-0.13 

-  91 

0.8O2 

0.708 

1:0.8 

Period  8. . . 

30 

85 

91 

+  6 

0.62 

3.19 

0.48 

-0  ,U 

-  90 

0.946 

0.851 

1:0,6 

Period  9. , . 

30 

85 

55,5 

-29.5 

0,63 

0 

0.7O 

+0,07 

-147 

0.421 

0,481 

Period  10.. 

30 

_M 

78.0 

-  7 

0,63 

1.49 

0.53 

-0,10 

-122 

0.630 

0.666 

1:1,4 

Experiment  4 

f 

30 

85 

64 

-21 

0.35 

0 

0,41 

+fl,06 

-  35 

0,245 
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Period  1  1 

30 

85 

60 

-25 

0,35 

0 

0,41 

+0.06 

-  52 

0,239 

0.292 

I 

30 

85 

49 

-36 

0.34 

0,35 

0.36 

+0.02 

-113 

0.306 

0.363 

1:3.2 

Period  2  1 

30 

85 

52.5 

-32.5 

0,34 

0 

0.40 

+0,06 

-  7S 

0,236 

0.278 

30 

85 

72 

-13 

0.34 

1.06 

0,31 

-0.03 

-  66 

0,436 

0.452 

1:1 

Period  3  1 

30 

85 

44 

-41 

0.34 

0 

0.40 
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-113 

0,238 
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30 

85 

75 

-10 

0,34 

1.5& 

0.30 

-0,04 

-  H 

0^1 

0.528 

1:0.7 

Wa 

ahed  intestine  with  0.34  pep  cent  NaCl  solution  to  remove 

traces  Ca  lactate 

Period  4  / 
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85 

40 

-45 

0.34 

0 

0,42 

+0,08 

-121 

0,240 

0,306 

30 

85 

82 

-  3 

0.34 

2.12 

0,30 

-0,04 

-  43 

0.626 

0.587 

1:0.5 

Period  5 1 

30 

85 

46 

-39 

0,34 

0 

0,41 

+0.07 

-100 

0,232 

0.289 

30 

85 

84 

-  1 

0,34 

2,50 

0,30 

-0,04 

-  37 

0,658 

0.655 

1:0,45 

Period  6  1 

30 

85 

52 

-33 

0.34 

0 

0.41 

+0.07 

-  76 

0,228 

0.293 

30 

85 

87 

+  2 

0.34 

3,00 

0,30 

-0,04 

-  28 

0.764 

0.73O 

1:0.37 

Period  7  1 

30 

85 

58 

-27 

0,34 

0 

0.41 

+0,07 

-  51 

0,239 

0.273 

30 

85 

61 

-24 

0  34 

0 

0.39 

+0,05 

-  51 

0,228 

0.267 
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TABLE  1— Csnlfnu 


HUHBEB . 

c 

1^ 

P 

hi 

1 

^1 

I"! 

1- 

1 

<l"o 

is 

e 

1 

Experimeat  5 
Penod  1 

min. 
30 

30 
30 
30 
30 

100 

96 
100 
100 

92 

68 
60 
59 
S5 

4S 

-32 
-36 
-41 
-35 
-44 

0  31 
0  31 
D.31 
0.31 
0.31 

PC 

a 
a 

0 

0 
0.1 

pjr 

0  35 
9.35 
0.35 
0.35 
0,33 

per  «nl 
+0.04 

+0.04 
+0.04 
+0.04 

+0-02 

-  72 

-  88 
-104 

-  83 

-127 

D.204 
0.199 
0.206 
0.209 
0.223 

0.269 
0.24O 
0.242 
0.257 
0.261 

1:10 

f 

Washed  intestine  with  100  cc.  0.3  per  cent  NaCI  solution 

Period  2  i 

30  llOOl  61  [-39    |0.31|0      |0.34|+0.03[-103|0.204|0.236l 

30  llOol  58  [-42     |0-3l|0.3  |o. 321+0, 0l|-124|o,27l|o.320|l:  3.5 

Washed  intestine  with  150  cc.  0.31  per  cent  NaCl  solution 

Period  3 

30   100160  1-40    |0.30|0      lO. 361+0. 06  -  84|0,213|0.26l[ 

30    lOOJ  72  1-28     |0.30|0,6  lo.aol    0        -  84|o.332lo.372ll:  1.7 

Waahed  intestine  with  150  cc.  0.31  per  cent  NaCl  solution 

Period  4 

30  llOOl  60    -40    lO.SOlO      |0.36|+0.06l-  84|0.209|0.257 

30  llOol  77    -23    |0, 30|0. 9  |0. 291-0. Oil-  77|o,376lo. 4061:  1.1 

f 

Washed  intestine  with  200  cc.  0.31  per  cent  NaCl  solution 

Pericd  5  i 

30  lOOi  54  [-43    |0.31|0      [0.36 +0.05|-n6|0.202|0.264[ 

30  100|  82  1-18    |0.30|l.2  |o.27-0-03|-  79|o.42o)o.443|l:  0.8 

Washed  intestine  with  250  ce.  0.31  per  cent  NaCl  solution 

Period  6 

30  [100   55  [-45     [0.31(0       |0.35[+0.04[-118[0.20»[0.2Sl[ 

30  llOol  99  1-  1    ]0.30l2.4  ,0.25-0-05|-  53|o,62l|o.58l|l:  0.4 

Washed  intestine  with  300  cc.  0.31  per  cent  NaCl  solution 

30  [100[  58  [-42    JO.SOJO      l0.35[+O.05[-  fl7|0,209|0.259l 

Washed  intestine  with  350  cc.  0.31  per  cent  NaCl  solutloo 

30  |100|  57  j-43     0.3liO      iO.35|+0.O4[-lll[0.210l0.279| 

In  order  to  afford  a  greater  range  of  concentrations  below  iaotonicity, 
the  concentration  of  sodium  chloride  in  the  next  two  experimenta  is 
decreased.  In  addition,  each  alternate  period  ia  made  a  control,  keep- 
ing constant  the  concentration  and  amount  of  sodium  chloride. 

Experiments  4  and  5  give  some  new  features  and  bring  out  more 
clearly  what  has  been  indicated  in  the  preceding  experiments.  In 
both  experiments  two  effects  are  observed  when  calcium  lactate,  in 
incrcasii^  concentrations,  is  added  to  sodium  chloride.     First:  at  low 
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concentrations  of  calcium  lactate,  the  amount  of  chlorides  absorbed  is 
increased.  This  is  evident  in  period  1  of  experiment  4  and  periods  1 
and  2  of  experiment  5.  Second:  at  higher  concentrations  of  calcimn 
lactate  there  is  an  opposite  effect,  namely,  a  decrease  in  the  amount  of 
chlorides  absorbed.  In  experiment  4,  all  of  the  experimental  periods, 
after  1,  show  this  inhibitory  effect.    It  is  also  demonstrated,  in  experi- 

JMT5  OF  NoCi  ttSORetO  raoM  oy  SOUITIOMS  irt  THt  PRtSttiCE  Of  inCREASiNG  CONCEMTfwTiOHS  OF 


Fig.  1 

ment  5,  in  the  experimental  periods  following  no,  3.  An  intermediate 
effect  is  seen  in  period  3  of  experiment  5.  With  the  concentration  of 
calcium  lactate  used  in  this  solution,  the  amount  of  chlorides  absorbed 
does  not  differ  from  that  of  the  control  period  where  sodium  chloride 
alone  is  subjected  to  absorption.  All  of  these  changes  may  occur  in 
solutions  of  osmotic  pressure  below  that  of  the  blood.  A  graphic 
representation  of  a  typical  experiment  is  given  in  figure  1. 
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The  fluid  absorption  may,  at  first,  show  a  slight  increase  over  the 
control  periods.  This  is  indicated  in  period  1  of  experiment  4  and  in 
periods  1  and  2  of  experiment  5.  This  occurs  coincidently  with  the 
increased  chloride  absorption.  Thereafter  there  is  a  progressiTely 
decreasing  fluid  absorption,  from  the  experimental  solutions,  with 
increasing  concentrations  of  calcium  lactate. 

During  absorption  the  concentration  of  sodium  chloride  in  the  con- 
trol periods  is  always  increased.  On  the  other  hand,  when  calcium 
lactate  is  present  the  concentration  of  chlorides  decreases.  This  is  due 
to  the  fact  that  chlorides  are  absorbed  more  rapidly  than  the  water, 
even  though  the  total  absorption  may  be  inhibited.  This  is  observed 
in  periods  2,  3,  4,  5  and  6  of  experiment  5.  With  low  concentrations 
of  calcium  lactate  the  effect  just  described  is  less  pronounced.  This 
same  phenomenon  is  noted  when  sodium  sulphate  is  added  to  sodium 
chloride  in  the  colon. 

A  lag  effect,  analogous  to  that  with  sodium  sulphate  in  the  intes* 
tine,  is  also  observed  after  calcium  lactate  has  been  present  in  the 
intestine.  This  is  evidenced  by  an  increased  chloride  absorption  from 
solutions  of  sodium  chloride  in  the  control  periods.  It  is  especially 
noticeable  in  experiment  4.  There  is,  furthermore,  an  indication  that, 
after  the^high  concentration  of  calcium  lactate,  the  chloride  absorptioD 
in  the  control  periods  may  return  to  the  normal  level  (exper.  4,  period 
7).  In  experiment  5,  when  the  intestine  was  washed,  after  each  intro- 
duction of  calcium  lactate,  the  general  course  juat  described  is  also 
evident,  but  the  figures  vary  too  much  for  comparison. 

In  the  last  column  of  the  table  has  been  compiled  the  ratio  of  cal- 
cium to  chlorine.  It  will  be  noticed  that,  although  the  concentrations 
of  calcium  used  in  some  of  the  experiments  present  wide  gaps,  the  ratio 
at  which  the  absorption  of  chlorides  begins  to  be  inhibited  shows  a 
striking  constancy,  namely: 

Experiment  2 Period  5-6,Ca:Cl  =  1:  (2.3-1.5> 

Experiments Period  6-7,  Ca:Ci  =  1:  (1.4-<l.8) 

Experiment4 Period  2      Ca:CI=  I:    1.0 

Experiments Period  4      Ca:CI=  1:    1.1 

This  relationship  is  the  more  remarkable  when  it  is  considered  that 
the  concentration  of  sodium  chloride  in  experiments  2  and  3  is  nearly 
twice  that  of  the  subsequent  experiments.  This  point  will  receive 
further  investigation. 
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In  order  to  demonstrate  the  action  of  another  calcium  salt,  in  table 
2  is  presented  an  experiment  in  which  the  calcium  was  introduced  in 
the  form  of  calcium  chloride.  The  following  points  are  evident;  lesa 
chlorides  are  absorbed  from  the  same  percentage  and  amount  of  chlo- 
rides in  the  form  of  calcium  chloride  than  from  sodium  chloride.  The 
latter  was  introduced  into  the  colon  in  period  I  and  the  fonuer  in 
period  2.  In  a  mixture  of  sodium  chloride  and  calcium  chloride  (period 
4),  of  the  same  chloride  content,  much  less  chlorides  are  absorbed  than 
from  sodium  chloride  alone. 

TABLE! 

The  effect  of  Cb  upon  tealer  and  chloride  (Aeorptior^  in  the  colon 
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43 
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0.54 
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Period  3. . . 

60 

87 

42 

-45 

0.31 

0 

0.45 

+0.14 

-  81 

Period*,.. 

60 

85.5 

43.5 

-42 

0-32 

0,32 

0,49 

+0.17 

-  flU 

1:1.0 

DISCUSSION 

The  above  data  show  that  calcium  salts  affect  the  absorption  of 
chlorides  from  sodiiun  chloride  in  two  stages.  First:  with  low  concen- 
trations of  calcium  lactate,  there  is  a  speeding  effect  similar  to  that 
which  we  obtained  with  sodium  sulphate  on  sodium  chloride.  Second: 
with  still  higher  concentrations  of  the  calcium  lactate,  the  absorption 
of  chlorides  is  inhibited.  As  might  be  expected,  with  an  intermediate 
concentration  of  calcium  lactate  a  balanced  action  is  noted;  that  is,  a 
point  is  reached  where  the  chloride  absorption,  from  the  mixture  of 
sodium  chloride  and  calcium  lactate,  is  of  the  same  grade  as  from  pure 
sodium  chloride  solution. 

All  of  these  stages  may  take  place  below  a  A  iso-osmotic  with  the 
blood.  On  the  other  hand,  the  speeding  effect  of  sodium  sulphate 
persisted  throughout  the  whole  range  of  A. 

When  the  calcium  lactate  is  introduced  with  sodium  chloride,  there 
is  a  reversal  of  the  normal  behavior  of  sodium  chloride  of  equal  con- 
centration in  the  colon.  That  is,  the  percentage  concentration  of 
hypotonic  solutions  (0.3  per  cent)  is  reduced  instead  of  increased.    An 
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effect  similar  to  that  of  the  chloride  in  mixtures  of  sodium  chloride  and 
sodium  sulphate. 

There  is  an  indication  that  calcium  chloride  behaves  similarly  to 
calcium  lactate.  On  the  basis  of  the  ideas  of  Clowes  (5),  it  is  probable 
that  the  phenomena  described  are  concerned  with  the  predominant 
cation  calcium  and  anion  chlorine,  an  indication  of  which  is  the  rather 
constant  ratio  of  Ca:  CI  at  the  point  where  the  inhibitory  action  is  first 
exerted.  ■ 

There  is  evident  in  the  above  experiment*  a  "I^'  effect,  since  at 
one  point  there  is  an  increased  absorption  of  chlorides  over  the  control 
periods  which  later  (after  the  inhibitory  effect)  returns  to  about  the 
normal  level.  When  the  colon  is  thoroughly  washed  with  salt  solution 
after  each  introduction  of  the  calcium  lactate  this  "lag"  effect  is  still 
evident. 

It  has  been  shown  in  the  preceding  paper  that  sodium  sulphate  in 
all  concentrations  speeds  the  absorption  of  sodium  chloride.  We  sug- 
gested that  the  effect  may  be  related  to  osmotic  factors  alone.  With 
calcium  lactate,  however,  it  is  at  once  apparent  that  no  such  simple 
explanation  is  adequate.  For  the  stage  of  inhibition,  at  least,  an  effect 
upon  the  permeability  of  the  intestinal  wall  would  seem  at  present  to 
be  the  most  probable  cause  of  the  phenomenon. 

CONCLUSIONS 

1.  Calcium  lactate  in  increaang  concentrations  first  accelerates,  then 
inhibits  the  absorption  of  chlorides  from  solutions  of  sodium  chloride 
in  the  colon. 

2.  There  is  an  indication  that  this  action  bears  a  relationship  to  the 
ratio  of  calcium  to  chlorine. 

3.  The  first  stage  of  the  action  of  calcium  lactate  upon  sodium  chlo- 
ride resembles  that  of  sodium  sulphate  upon  that  salt.  The  last  stage 
presents  the  opposite  effect  to  that  of  sodium  sulphate. 
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As  to  the  questions  whether  the  chai^,  natural  or  artificial,  pro- 
duced in  the  maternal  blood  has  any  influence  upon  the  fetal  blood  or 
not,  and  under  what  law,  if  any,  it  acts  upon  the  latter,  there  has  been 
little  investigation  as  yet.  These  questions,  however,  arouse  great 
interest  in  practical  medicine  as  the  change  may  interfere  with  the 
embryonal  metabolism,  and  consequently  it  may  sometimes  lead  to 
the  death  of  the  fetus,  causing  an  abortion  or  premature  labor.  The 
relation  between  the  maternal  body  and  the  fetus  and  amniotic  liquid 
means,  it  must  be  admitted,  the  metabolism  in  the  placenta  on  one 
band,  and  a  certain  function  of  the  amniotic  epithelium  on  the  other. 
Few  conclusive  evidences  have  ever  been  given  in  the  investigation  of 
the  function  of  the  placenta,  and  accordingly  the  present  paper  will 
serve  as  an  experimental  proof  of  the  general  view. 

That  organic  and  inoi^anic  substances  pass  into  the  fetal  blood  has 
been  shown  by  experiments  and  published  by  many  investigators,  of 
which  the  following  are  the  chief  points  that  have  important  relations 
to  my  investigation: 

Fat  (which  was  most  successfully  investigated  by  Costa  (1),  Bondi 
(2),  and  Oshima  (3) ),  has  been  otmerved  to  pass  into  the  fetus  not  as 
such,  but  in  a  modified  form;  besides,  carbohydrates  (Bang  (4)  and 
Varaldo  (5)  ),  anti-bodies  (Mounn  af  Heurlin  (6)  ),  antitoxin  (Polano 
(7)  ),  and  haemolysine  (Kreidl  and  Mandl  (8)  )  are  also  ascertained  to 
pass  into  the  fetus;  with  r^ard  to  proteins,  however,  it  was  shown  by 
Ascoli  (9)  that  they  do  not  pass  through  the  placenta  but  that  the 
latter  acts  as  a  digestive  organ  for  them.  Kreidl  and  Mandl's  exper- 
iments, which  demonstrated  the  passage  of  haemolysine  into  the 
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matenial  body  from  the  fetuB,  show  as  just  stated,  that  haemolysiiie 
passes  through  the  placenta. 

The  results  of  the  various  investigatioiis  hiUierto  made  suggest  the 
idea  that  the  placenta,  being  an  important  barrier  for  the  fetus,  does 
not  allow  the  free  passage  of  anything,  but  serves  as  an  alimentary 
and  life-protecting  organ  of  the  fetus;  moreover  from  its  behavior  to- 
ward glycc^en  (as  shown  by  Lochhead  and  Cramer  (10)  ),  we  may  say 
that  the  fetus  takes  up  material  necessary  for  its  development  quite 
independently  of  the  nutrition  of  the  maternal  body. 

An  interesting  question  which  has  presented  itself  in  recent  years  in 
connection  with  the  maternal  body,  the  fetus  and  the  amniotic  liquid 
ia  the  relation  of  the  pigment  of  living  bodies  among  these  three.  With 
r^;ard  to  this  question  we  have  not  yet  come  to  a  conclusive  opinion, 
but  it  seems  certain  that  colorit^-matters  usually  do  not  pass  throu^ 
the  placenta.  No  researches  have  yet  been  published  wheUier  a  fer- 
ment will  pass  through  the  placenta  and  although  the  passage  of  ^u- 
coae  is  an  established  fact,  its  quantity  and  its  relation  to  the  amniotic 
liquid  have  not  been  fully  invest^ated  by  any  one.  I  was  therefore 
engaged  in  the  present  researches  in  order  that  I  uught  make  a  contri- 
bution to  the  knowledge  in  this  direction. 

For  my  experiments  I  selected  diastase  as  it  is  a  ferment  that  can  be 
accurately  determined,  and  the  object  of  my  investigation  was  to  know 
the  result  of  the  injection  of  diastase  into  the  maternal  body,  that  is  to 
say,  if  the  increase  of  diastase  in  the  maternal  blood  by  any  means  had 
any  influence  upon  the  fetus  and  the  amniotic  liquid.  In  short,  it  was 
my  intention  to  ascertain  the  permeability  of  the  placenta  to  the  fer- 
ment. Besides,  I  entertained  some  hope  that  I  should  be  able  to  have 
some  glimpses  of  the  origin  of  the  anmiotic  liquid  by  observing  its 
attitude  toward  the  ferment,  but  to  my  disappointment,  I  could  not 
obtain  sufficient  data  from  my  experiments  to  throw  light  on  the  origin 
of  this  fluid.  I  also  tried  to  compare  the  transudate  in  the  abdominal 
cavity  with  the  amniotic  fluid,  but  as  it  was  very  difficult  to  obtain 
the  latter — fair  amounts  may  be  obtained  in  rabbits  but  guinea  pigs 
have  little,  if  any — I  excluded  it  from  the  present  researches.  With 
the  above  objects  in  view,  therefore,  I  made  the  following  experiments. 
In  the  first  place,  I  examined  whether  diastase  would  pass  into  the 
blood  of  the  fetus  by  producing  a  retention  of  diastase  in  the  maternal 
body  by  various  means  (such  as  tying  the  renal  blood  vessels  and  the 
injection  of  uranium). 
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In  the  second  place,  I  examined  the  change  of  quantity  of  the  di- 
a^tase-fennent  when  it  was  artificially  injected  into  the  blood  vessels, 
and  at  the  same  time  injecting  glucose,  which  is  certainly  known  to 
pass,  determined  its  quantity  and  compared  it  with  the  quantity  of 
the  ferment  that  passed. 

In  the  third  place,  having  found  that  when  diastase  was  injected  into 
the  blood  of  an  animal  the  greater  part  of  it  soon  disappeared,  I  studied 
the  injection  of  various  other  ferments  in  order  to  find  the  reason  for 
the  disappearance  of  diastase  and  compared  these  results  with  similar 
ones  obtained  from  experiments  with  animals  not  yet  impregnated. 

AnimaU  used  in  the  experimenis.  Guinea  pigs  are  best  fitted  for  the 
study  of  diastase  as  its  value  is  high  in  these  animals,  and  in  all  my 
experiments  I  used  guinea  pigs  fed  with  ordinary  food,  selecting  bigger 
ones  as  much  as  possible.  Of  the  pr^;nant  ones  I  selected  those  which 
were  at  the  period  of  from  forty  to  fifty  days  of  their  pr^^nancy,  for  at 
an  early  period  the  fetal  blood  is  too  small  in  quantity,  and  on  the 
other  hand  the  amniotic  liquid  becomes  less  as  the  time  of  delivery 
approaches  (the  duration  of  pregnancy  of  the  guinea  pig  is  about  nine 
weeks). 

Methods  used  in  drawing  the  blood  and  the  amniotic  liquid.  The 
maternal  blood  wss  taken  into  a  sterile  centrifuge  tube  from  the  carotid 
arteiy.  For  the  fetal  blood,  after  abdominal  incision  the  uterus  was 
exposed  and  opened  and  the  placenta  separated  without  injuiy  to  the 
fetal  sac.  The  amniotic  liquid  was  next  drained  into  a  sterile  beaker, 
the  fetus  was  then  carefuUy  wiped  with  sterile  gauze  after  which  the 
fetal  blood  was  drawn  from  an  incision  in  the  neck,  care  being  taken 
to  avoid  contamination  with  cerebro-epinal  fluid.  Care  must  also  be 
taken  to  prevent  the  mixture  of  the  liquid  of  the  extra-body  cavity  with 
the  amniotic  liquid,  for  the  amniotic  sac  of  the  rabbit  and  the  guinea 
pig,  unlike  that  of  man  and  other  higher  animals,  retains  the  yolk-sac 
around  it  until  the  last  stage  of  the  embryonic  life;  for  this  reason  it  is 
advisable  to  seize  the  amniotic  sac  with  the  cord  downward,  for  then 
the  liquid  will  gather  around  the  cord  after  which  a  small  hole  in  the 
r^on  of  the  head  permits  the  amniotic  liquid  to  be  poured  out  without 
contamination. 

Notes  on  the  delermitiations  of  dia^aae.  I  adopted  the  method  of 
Wohlgemuth  (II)  in  determining  diastase.  From  earlier  work  I  found 
that  this  method  was  not  reliable  unless  everything  used  for  it  was  dis- 
infected, and  accordingly  in  my  present  investigation  all  the  instru- 
ments, pipettes,  beakers  and  test-tubes  were  subjected  to  ISO'C.  in  the 
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dry  heat  sterilieer,  and  all  the  salt  solution  and  starch  solution  were 
also  sterilised  b^oreband. 

The  maternal  blood  was  diluted  one  hundred  times  its  volume,  and 
the  fetal  blood  and  the  amniotic  liquid  ten  times  their  volumes  with 
sterile  0^  per  cent  saline  solution,  1.0  cc.  of  each  was  taken  into  tes^ 
tubes,  after  which  they  were  all  again  doubly  diluted  with  common 
salt  water.  As  to  the  starch  solution,  I  used  0.2  per  cent  solutioo 
of  soluble  starch  prepared  by  the  Kahlbaum  Company,  adding  5.0  cc. 
to  each  test-tube.  The  tubes  were  carefully  examined  after  th^ 
had  been  kept  in  a  ST'C.  incubator  for  twenty-four  hours. 

N 
As  an  indicator  a  —  iodine-solution  was  used. 
50 

BXPBRIUENTS   ON   THE   DIASTASE   IN   THE  MATERNAL  BOOT,   THE   FETDS 

AND  THE   AMNIOTIC   LIQUID   DURING   THE  RETENTION   OF 

DIASTASE   IN    THE   MATERNAL    BLOOD 

a.  D^rminaHon  of  the  diastase  in  the  nvUemal  blood,  the  feted  Hood 
and  the  amniolic  liquid  of  a  pregnant  guinea  pig.  The  diastase  content 
of  the  blood  of  the  pregnant  guinea  pig  is  already  known,  but  no  one 
has  ever  deteimined  that  of  the  fetus  and  of  the  amniotic  liquid  at  the 
same  time;  bo  I  determined  them  preliminary  to  my  experiments  and 
used  them  as  a  control  for  my  subsequent  experiments.  The  diastase 
was  always  determined  as  just  described.  In  the  case  of  blood  the 
serum  was  used  for  test. 

The  diastase  value  of  the  maternal  blood  in  the  table  is  from  400.00 
to  800.00,  the  average  being  602.08. 

The  diastase  in  the  fetus  has  variable  values  between  the  two  ex- 
tremes of  40.00  and  322.58,  the  average  being  100.29  for  the  blood  and 
80.31  for  the  amniotic  fluid. 

The  diastase  both  in  the  fetal  blood  and  in  the  amniotic  liquid  is 
remarkably  small  as  compared  with  that  of  the  maternal  blood,  beii^ 
only  one-fifth  to  one-sixth  of  the  latter. 

Bial  (12),  who  investigated  the  diastase  value  in  the  embryonic 
stage  of  man  and  in  th%  fetus  of  animals,  also  recc^nized  a  trace  ctf 
diastase  in  the  blood  of  the  fetus.  Of  the  ferments  in  the  amniotic 
liquid  we  have  Bondi's  (13)  report.  According  to  him  we  have  pepsin, 
fibrin-ferment  and  diastase  always  in  the  liquid,  but  no  other  ferments, 
and  there  is  no  doubt  that  we  have  diastase  in  the  amniotic  liquid. 
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6.  ExperimeTtie  on  the  change  of  the  quantity  of  diasUue  in  the  materruU 
blood,  and  on  its  passage  into  the  fetus  after  the  renal  blood  vessels  of  a 
prtgnard  guinea  pig  have  been  tied.  As  the  diaflta.se-ferment  is  always 
present  in  urine,  if  we  tie  the  renal  blood  vessels  on  both  sides,  it  is 
probable  that  a  retention  of  diastase  would  occur  in  the  maternal  body. 
To  test  this  point  the  following  experiment  was  performed  on  a  preg- 
Dant  guinea  pig  with  particular  reference  to  the  diastase  content  of  the 
fetua.  Under  light  ether  aneethefiia  the  kidneys  were  exposed  by 
dorsal  incisions.  Ligatures  were  tied  about  the  artery,  vein  and  ureter 
on  either  side  and  the  abdominal  incision  closed.  The  procedure 
occupied  less  than  five  minutes.    In  no  case  did  the  animal  live  more 


=^»<OrTB. 

or  rmaciHAKCT 

"l^ 

Fetal  blood 

X"-i3^' 

1 

490 

About  50 

D-416.fl6 

2 

fiSO 

About  60 

400.00 

D-40.00 

620 

More  than  40 

400.00 

80.00 

8fiO 

More  than  £0 

800.00 

161.28 

goo 

More  than  « 

aoo.oo 

40.00 

D-  40.00 

720 

More  than  40 

400.00 

40.00 

40.00 

700 

MoratheuieO 

800.00 

322.58 

80.00 

8 

680 

More  than  60 

800.00 

80.00 

161.29 

AveraBB 

602.082 

109.122 

80.31 

than  twenty-four  hours,  and  many  of  the  feta  were  found  dead  when 
observations  were  made  three  to  six  hours  after  the  operation. 

Biastase  was  determined  by  the  same  method  as  before.  The 
diastase  content  of  the  maternal  blood  varies  from  800.00  to  3225.80, 
averaging  1250.177. 

When  compared  with  those  of  the  control  (table  1),  we  see  that 
the  minimum  here  corresponds  with  the  maximum  of  the  control  and 
that  the  maximum  is  four  times  as  great  after  hgation  of  the  renal 
vessels  than  normally.  Besides,  the  individual  cases  in  the  table 
evidently  show  an  increase  of  diastase  in  the  maternal  blood  and  that 
the  diastase  content  in  the  fetal  blood,  which  is  80.00  to  322.58,  with 
the  average  of  161.13,  is  somewhat  greater  than  109.122,  which  is  the 
average  diastase  value  of  the  fetus  in  the  control  experiments.    If  no.  7 
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in  the  control  aeries,  which  deviates  widely  from  the  average,  be  omitted 
the  average  becomes  73.54.  Using  this  figure  as  the  control  value  the 
ligation  experiments  show  a  twofold  increase  in  fetal  blood  diastaae. 
It  appears  therefore  that  the  increase  in  the  diastase  content  of  tiie 
maternal  blood  aa  the  result  of  ligation  of  the  renal  veaaela  is  respon- 
sible  for  the  increase  in  diastaae  content  of  the  fetal  blood. 

In  the  present  experiments  I  had  six  cases  of  dead  fetus,  all  of  which 
were  examined  shortly  after  their  death.  The  relation  between  death 
and  the  quantity  of  diastaae  may  depend  upon  the  time  that  elapses 
after  the  death,  and  in  my  small  number  of  experiments  I  found  that 
there  was  little  relation  between  them,  that  is  to  say,  in  some  feta 
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still  alive  I  found  little  diastase  while  in  some  dead  ones  there  was  a 
lai^  quantity  of  it,  and  thus  it  pointed  to  the  n^ation  of  any  definite 
relation  between  them.  The  operation  of  tying  the  blood  vessels  of  the 
kidneys  must  be  a  very  great  stimulus  and  it  is  possible  that  such  a 
stimulus  might  cause  the  increase  of  the  ferment.  However  since 
diastase  determinations  made  shortly  after  ihe  operation  was  com- 
pleted never  showed  an  increase  over  the  control  and  usually  showed  a 
decrease,  I  believe  this  factor  is  of  no  significance. 

c.  The  reJaiion  of  diaatase  in  the  case  of  Tiephritis  caused  by  the  injection 
of  uranium.  It  is  known  that  the  injection  of  uraoium  gives  rise  to 
nephritis,  producing  a  lesion  in  the  convoluted  tubule  in  particular. 
I  made  this  experiment  in  order  to  see  if  nephritis  produces  any  change 
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in  the  quantity  of  diastase  in  the  maternal  blood  or  in  the  fetal  blood 
and  amniotic  liquid. 

Treatment.  From  three  to  eight  days  after  the  subcutaneous  injec- 
tion of  a  0.1  per  cent  solution  of  minium  acetate  into  the  abdominal 
wall  of  the  animal  in  the  proportion  of  1  cc.  per  kilogram  of  the  body 
weight,  I  took  the  blood  and  the  amniotic  liquid  and  examined  them. 
Before  the  experiment  I  always  ascertained  ihe  presence  of  albumin  in 
the  urine  (albuminuria)  (md  measured  ite  quantity  by  Sueyoshi's  (14) 
albuminometer. 

The  diastase  in  the  maternal  blood  is  800.00  to  6250.00,  averaging 
1901.61.    No.  3,  however,  deviates  widely  from  the  average.    If  this 
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determination  be  omitted,  the  average  becomes  1736.08.  Even  this 
average  shows  a  great  increase  when  compared  witJi  that  of  the  control. 

The  diastase  in  the  fetal  blood  is  80.00  to  322.58,  avenge  166.82, 
thus  showing  a  slight  increase  as  in  the  preceding  case.  The  diastase 
value, of  the  amniotic  liquid  being  40.00  to  80.00,  averaging  65.00, 
shows  no  noteworthy  tendency  of  increase. 

As  indicated  in  the  table  (table  3),  the  piinfiiniirTi  of  the  diastase 
value  of  the  maternal  body  corresponds  with  the  highest  of  the  control, 
and  the  maximum  is  seven  times  as  large  as  that  of  the  latter.  The 
individual  cases  all  clearly  show  an  increase,  indicating  that  there  is  a 
retention  of  diastase  in  the  maternal  body.    In  the  fetus  we  find  some 
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,  but  there  ia  no  influence  whatever  upon  the  amniotic  liquid. 
If  there  is  any  relationship  between  the  quantity  of  diastase  retained 
and  the  quantity  of  albumin  or  the  length  of  time  after  the  injection, 
my  small  number  of  experiments  failed  to  show  it. 

From  the  two  preceding  experiments,  we  may  conclude  that  when 
diastase  is  retained  in  the  maternal  blood,  the  diastase  ferment  passes 
into  the  fetal  blood.  There  is,  however,  no  evidence  of  ita  passage  into 
the  amniotic  liquid.  This  indicates  the  passage  of  the  ferment  through 
the  placenta  and  is  undoubtedly  dependent  upon  the  physical  per- 
meability of  the  organ. 


THE  DIASTASE  AND  THE  BLOOD-SUOAR  IN  THE  UATEftNAL  BLOOD,  FETAL 

BLOOD  AND  AMNIOTIC  UQUID  AFTEE  AN  ARTIFICIAL  INJECTION 

or   DIASTASE  AND   GLUCOSE 

a.  The  determination  of  (he  blood-sugar  in  Ike  maternal  blood,  fetal 
blood  and  amniotic  liquid  of  a  pregnarU  guinea  pig.  The  determination 
of  sugar  in  the  maternal  blood,  fetal  blood  and  amniotic  hquid  of  a. 
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pregnant  guinea  pig  has  not  been  reported.  This  is  probably  due  to 
the  fact  that  the  quantity  of  the  fetal  blood  and  the  amniotic  liquid  is 
so  small  that  the  method  of  determining  sugar  hitherto  in  use  is  im- 
practicable with  them. 

Bang's  (15)  micro-method  being  best  suited  for  the  present  iiwesti- 
gatioD,  I  soaked  four  pieces  of  blotting-paper  prepared  after  Bang's 
method  in  the  bloods,  and  two  other  pieces  in  the  amniotic  liquid. 
The  diastase  was  determined  as  before.  For  the  determination  of 
sugar  I  used  potassium  chloride  with  acidity,  which  was  Bang's  orig- 

N 
inal  method,  and  for  titration  a  ^  iodine  solution. 
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The  blood-sugar  of  the  maternal  blood  is  0.0869  to  0.1435  g/dl., 
averaging  0.11282  g/dl. 

The  blood-Bugar  of  the  fetus  is  0.0462  to  0.1199  g/dl.,  averagii^ 
0.06817  g/dl. 

The  sugar  Id  the  amniotic  liquid  is  0.0655  to  0.0767  g/dl.,  averaging 
0.07432  g/dl. 

The  quantity  <A  sugar  in  the  maternal  blood,  like  that  of  man  and 
other  animals,  seems  to  be  of  the  value  of  about  0.1  g/dl.  but  in  the 
fetus  and  in  the  amniotic  Uquid  it  is  very  much  less. 

TABLE  t 
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b.  The  diastaae  and  the  sugar  in  the  maternal  blood,  fetal  blood  and 
amniotic  liquid  after  the  injection  of  Taka-diaelase  atid  glueoae.  I  made 
the  following  experiments  tn  order  to  study  the  influence  of  a  ferment 
upon  the  maternal  body,  the  fetus  and  the  amniotic  liquid  when  it  was 
injected  into  the  maternal  body  parenterally  and  also  to  compare 
the  result  with  that  of  a  substance  which  is  already  known  to  pass. 
I  used  Taka-diastaae  for  the  ferment  and  glucose  (Merck)  for  the 
substance  with  which  to  compare  it. 

Method  of  experiments.  I  dissolved  Taka-diastase  in  the  proportion 
of  0.1, 0.5  and  1  per  cent  in  a  0.85  per  cent  salt  Solution,  and  after  neu- 
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N 
tralizii^  it  with  a  —  soda  solution,  added  pure  glucose  in  the  propoi^ 

tioD  of  10  per  cent.  This  solution  was  injected  into  a  pr^jiant  guinea 
pig  through  the  vein  on  one  side  of  the  neck  wi^  Pravatz's  injector 
under  a  very  slight  pressure,  for  when  the  solution  is  quickly  injected, 
it  causes  various  disorders  in  the  body  of  the  animal,  but  if  it  is  injected 
very  slowly,  the  animal  ia  able  to  stand  a  lai^  quantity  of  it  in  con- 
siderable concentration.  The  blood  of  guinea  pigs  injected  with  dif- 
ferent quantities  of  the  solution  is  taken  at  intervals  of  time  for  the 
determination  of  the  diastase  and  glucose  in  the  maternal  blood,  in 
the  fetus  and  in  the  amniotic  liquid.  The  table  shows  that  the  diastase 
of  the  maternal  blood  is  from  200.00  to  800.00,  averaging  600.00.  The 
diastase  of  the  fetus  is  80.00  to  161.29,  the  average  being  120.64.  The 
diastase  of  the  amniotic  liquid  is  80.00  to  322.58,  averaging  147.52. 
The  blood-sugar  of  the  maternal  body  is  0.1094  to  0.3357,  averaging 
0.19950  g/dl.,  that  of  the  fetus  is  0.0595  to  0.1713,  the  average  being 
0.13015  g/dl.;  that  of  the  amniotic  liquid  is  0.0567  to  0.0783,  averaging 
0.06128  g/dl.  Thus  although  a  diastaae-ferment  is  artificially  injected 
into  the  blood  stream,  no  change  of  quantity  of  diastase  takes  place  in 
the  maternal  blood. 

In  the  fetal  blood,  however,  the  average  shows  a  slight  increase,  and 
when  we  look  at  the  individual  cases,  we  find  that  the  most  of  them 
fall  close  to  161.29,  which  shows  an  increase  of  diastase  in  the  case  of 
the  fetal  blood.  In  the  case  of  the  amniotic  liquid  there  is  also  an 
apparent  increase  of  diastase. 

Sugar  increases  both  in  the  maternal  and  the  fetal  blood,  and  since 
we  see  that  both  diastase  and  sugar,  even  in  the  case  of  an  artificial 
parenteric  injection,  produce  its  increase  in  the  fetal  blood  as  in  (he 
case  of  the  autoretention,  it  is  certain  that  the  ferment,  like  sugar,  passes 
through  the  placenta. 

In  the  amniotic  liquid  we  recognize  a  Uttle  increase  of  the  ferment, 
but  no  passage  of  sugar  into  it.     This  fact  is  difficult  to  explain. 

In  the  case  of  an  artificial  introduction  of  diastase  into  the  body, 
unlike  the  case  of  the  autoretention  of  the  ferment,  I  found  a  singular 
phenomenon  in  that  there  was  no  increase  of  diastase  in  the  maternal 
blood  even  though  a  pretty  large  quantity  of  diastase  was  injected 
into  it.  There  are  only  three  possible  explanations  for  this  phencon- 
enon:  a,  a  regulation  may  take  place  in  the  placenta  and  the  diastase 
in  the  maternal  blood  may  be  always  adjusted  by  it;  b,  the  ferment  may 
soon  disappear  on  account  of  its  toxic  influence  even  if  it  be  introduced 
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in  large  quantity  into  the  body;  or  c,  it  may  be  due  to  a  regulation 
that  may  take  place  in  some  part  of  the  maternal  body. 

I  shall  again  touch  these  questions  in  the  following  chapter.  As 
r^ards  the  concentration  and  the  quantity  of  the  solution  and  the 
length  of  time  that  intervenes  between  the  injection  and  the  drawing 
of  blood,  I  may  say  that  they  have  no  relation  to  the  quantity  of 
diastase  though  my  experiments  are  few  in  number. 

When  sugar  is  passed  directly  into  the  vein,  unlike  the  sugar  that  is 
absorbed  by  the  alimentary  canal,  it  is  not  affected  by  any  digestive 
ferment  or  by  the  action  of  the  liver,  but  enters  the  system  of  the 
general  circulation  directly.  According  to  Bang's  (15)  experiments, 
the  greater  part  of  the  injected  glucose  undergoes  transformation  and 
disappears  at  once  while  a  part  of  it  is  deposited  in  various  organs  or  is 
excreted  by  the  kidneys,  and  for  this  reason  the  glucose  that  appears 
in  t^e  measurement  is  very  small  in  quantity  when  compared  with  the 
injected  glucose  which  is  as  much  as  10  per  cent.  According  to  Btmg, 
moreover,  the  blood-sugar  reaches  the  acme  of  ita  quantity  five  min- 
utes after  its  intravenous  injection  and  for  thirty  minutes  after  that  it 
gradually  decreases.  It  was  this  observation  which  led  me  to  select 
the  time  shown  in  the  table  for  drawing  the  blood  in  my  experiments. 

As  r^ards  the  question  whether  the  quantity  of  injected  grape-sugar 
has  anything  to  do  with  blood-sugar,  my  experiments  are  too  few  to 
settle  it. 

DETERMINATION  OF  DIASTASE  AITBE  THE  INJECTION  OF  TAKA-DIASTASB, 
TRYPSIN    AND    PEPSIN 

We  have  learned  from  the  preceding  experiments  that  the  diastase 
in  the  maternal  blood  does  not  increase  if  we  introduce  it  artificially 
into  the  maternal  body,  and  I  have  made  some  suggestions  to  explain 
this  fact.  Here  I  propose  to  take  up  the  question  whether  or  not  the 
diastase  is  affected  by  the  placenta,  and  also  the  possibility  that  the 
diastase  originally  present  in  the  blood  may  be  destroyed  by  the  toxic 
influence  of  the  added  ferment,  the  injected  diastase  replacing  it  so 
that  the  circulating  diastase  remains  unchanged.  The  third  supposi- 
tion that  the  diastase  may  be  directly  adjusted  by  a  regulation  that 
may  be  taking  place  in  some  part  of  the  maternal  body  is  a  complex 
question  and  will  not  be  considered  at  the  present  time. 

According  to  Oppenheimer  (16),  fennents  exert  little  toxic  influence 
on  the  body,  while  Hildebrandt  (17)  supposes  that  the  toxic  influence 
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is  due  to  the  albumoec  or  the  amino-acid,  etc.,  contained  in  it.  Wish- 
ing to  see  if  ferments  really  had  no  toxic  influence,  I  injected  various 
fennente  into  animals  and  observed  the  change  of  the  blood-diastase, 
for  the  presence  or  absence  of  a  toxic  influence  can  be  inferred  fnwn 
the  clmnge  produced  on  the  diastase.  The  guinea  pigs  used  in  the 
present  experiments  were  all  non-pregnant  ones,  for  if  the  injection  of 
ferments  into  non-pregnant  animals  produces  the  same  change  as  in  a 
pr^inant  one,  it  will  at  once  prove  that  the  change  has  nothing  to  do 
with  the  placenta. 

The  ferments  used  in  the  present  experiments  were  Taka-diastase, 
trypsin  (prepared  by  the  GrObler  Company),  and  pepsin  (Sankyo 
Company). 

It  was  neceseary  therefore  to  establish  a  control  for  this  new  tech- 
nique.   The  results  obtained  by  this  method  are  given  in  table  6. 

a.  Determinaium  of  the  blood-diastase  of  nonpregnant  guinea  pigs.  In 
the  following  experiments,  unlike  the  foregoing  determination  of 
diastase,  the  serum  was  not  diluted  wid  the  starch  solution  was  of 
1.0  per  cent. 
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The  blood-diastase  of  non-pregnant  guinea  pigs  varies  between 
156.25  and  625.00. 

b.  Determination  of  diastase  after  the  injection  of  Taka-diastase.  For 
injection  a  0.5  per  cent  solution  of  Taka-diastase  in  physiologic  salt 

N 
solution  neutralized  with  a  —  soda  solution  was  prepared.    This  was 

10  ^   ^ 

injected  into  the  vein  as  before,  and  the  difference  of  the  diastase  value 
was  likewise  observed  by  drawing  the  blood  at  different  times  and 
after  the  injection  of  different  quantities.  The  method  of  determina- 
tion was  the  same  as  before. 

The  blood-diastase  of  the  animals  injected  with  Taka-diastase  shows 
no  difference  from  that  of  the  ordinary  animal,  and  it  is  also  quite 
independent  of  the  quantity  injected  and  of  the  time  of  drawing  the 
blood. 
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4.2 

5' 

161.29 

ITneasy,  palpitation  of  the 
heart,  Buapension  of  res- 
piration,     blood-fiowing, 
dark  color 
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c.  Determination  of  diastase  after  the  injection  of  trypsin.  The  experi- 
ment woB  carried  on  in  the  same  manner  as  the  preceding,  and  the  solu- 
tion of  trypsin  was  of  1.0  to  2.0  per  cent.  Though  I  found  in  the  pre- 
ceding experiment  that  the  time  of  drawing  the  blood  and  the  quantity 
injected  had  little  relation  to  the  blood-diastase,  I  injected  different 
quantities  of  trypsin  as  shown  in  the  table,  with  the  hope  that  differeDt 
kinds  of  ferments  m^ht  produce  different  results.    The  trypsin  was 

N 
also  neutralized  with  a  —  soda  solution. 

10 
The  result  of  the  injection  is  the  same  as  the  preceding,  being  quite 
independent  of  the  quantity  injected  and  showing  no  difference  from 
that  of  the  ordinary  animal. 

d.  Determination  of  diastase  after  the  injection  of  pepsin.  The  con- 
centration of  the  pepsin  liquid  (a  solution  of  pepsin  in  physiologic  salt 
solution)  was  from  1.0  per  cent  to  2.0  per  cent.  After  neutralizing  it 
with  a  soda  solution  as  before,  it  was  injected  into  the  blood  vessel  in 
the  proportion  of  0.5  to  1.0  per  kilo. 

As  in  the  two  preceding  cases,  the  quantity  of  diastase  remains  un- 
changed, being  quite  independent  of  the  concentration  of  the  pepsin- 
liquid  and  the  quantity  injected. 

Experiments  were  also  made  by  injecting  larger  quantities  iA  these 
feimente,  but  in  such  cases  the  animals  either  died  or  presented  serious 
symptoms,  and  accordingly  they  are  all  excluded  frcHn  the  tables  as  it 
is  not  proper  to  take  the  quantities  of  diastase  of  such  cases  into  accoimt. 

According  to  Hildebrandt  (17),  the  lethal  quantity  of  diastase,  pepeiu 
etc.,  for  a  rabbit  of  medium  we^ht  is  0.1  gram,  and  according  to  Ishi- 
hara's  (18)  experiments,  if  more  than  0.07  gram  of  trypsin  is  injected  in 
the  vein,  anaphylactic  shock  is  produced  in  two  cases  out  of  three. 
In  my  experiments  therefore  the  quantity  of  ferments  injected  into  the 
animal  body  was  kept  within  such  limits  that  it  would  not  produce 
these  symptoms,  and  only  those  animals  which  presented  such  slight 
symptoms  as  palpitation  of  the  heart,  a  little  difficulty  of  respiration, 
etc.,  as  given  in  the  tables,  were  subjected  to  the  examination. 

As  we  see  in  the  present  experiments,  the  diastase  introduced  paren- 
terally  into  the  body  also  disappears  at  once  even  in  the  cases  in  which 
the  placenta  is  not  concerned,  which  shows  that  it  has  nothing  to  do 
with  the  placental  regulation.  Nor  can  we  consider  it  due  to  a  toxic 
influence  of  the  ferment,  for  if  there  is  such  an  influence  we  should 
expect  a  noticeable  change  in  the  diastase  in  the  experiments.  The 
disappearance,  therefore,  of  the  diastase  parenterally  injected  into  the 
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animal  body  without  producing  any  increase  of  the  blood-diastase  must 
be  explained  by  the  supposition  that  there  is  an  arrangement  in  the 
body  by  which  the  injected  diastase  is  destroyed  at  once. 

According  to  Hildebrandt's  investigation,  the  ferment  is  a  blood- 
toxin  which  reduces  haemoglobin.  We  cannot,  however,  tell  the  fate 
of  the  fennent  until  we  settle  the  question  whether  it,  like  sugar,  dis- 
appears at  once  or  is  taken  up  by  the  liver,  pancreas,  muscles,  etc.,  or 
whether  it  is  destroyed  by  some  glandular  secretion  or  is  excreted  in 
urine,  and  as  it  is  not  directly  connected  with  my  present  experiments 
nor  has  my  investigation  of  it  yet  come  to  completion,  I  will  not  deal 
with  it  here. 


1.  When  the  blood  vessels  of  the  kidneys  are  tied  or  when  nephritis 
is  caused  by  the  injection  of  uranium,  a  retention  of  diastase  in  the 
maternal  blood  is  produced  and  there  is  tat  increase  of  diastase  in  the 
fetal  blood. 

2.  In  the  case  of  nephritis  after  the  injection  (^  uranium,  there  is  no 
change  in  the  quantity  of  diastase  in  the  amniotic  liquid. 

3.  When  Taka-diastase  and  pure  glucose  are  injected  simultaneously 
into  the  vein,  blood-sugar  increases  both  in  the  maternal  and  fetal 
bodies,  but  no  change  is  produced  in  the  amniotic  liquid  and  there  is  no 
change  in  the  diastase  of  the  maternal  blood,  but  we  find  a  little  increase 
of  it  in  the  fetus  and  in  the  amniotic  liquid. 

4.  From  the  above  facte  we  are  entitled  to  say  that  the  placenta  is 
permeable  to  the  diastase-ferment. 

5.  We  cannot  explain  the  reason  why  the  diastase-ferment  passes 
into  the  amniotic  Uquid  while  sugar  does  not. 

6.  In  the  case  of  the  parenteral  injection  of  a  ferment  it  is  lost  in 
the  animal  body,  which  seema  to  be  due  not  to  the  toxic  influence  of 
the  fennent  or  to  the  regulation  of  the  placenta,  but  to  the  regulating 
function  of  some  other  part  of  the  body. 

7.  As  regards  the  origin  of  the  amniotic  liquid,  there  are  many 
compUcated  relations,  and  it  is  difficult  to  explain  it  by  the  simple 
results  of  the  present  experiments. 

In  concluding  this  paper  I  wish  to  express  my  deep  thanks  to  Pro- 
fessor Doctor  Katayama,  who  kindly  permitted  me  to  pursue  my 
investigation  in  his  department,  and  to  Professor  Doctor  Mita,  who 
kindly  guided  and  advised  me  throughout  this  investigation. 
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The  stimulating  power  of  the  sodium  salts  aud  the  Decessity  of  these 
salts  for  the  activity  of  most  contractile  structures  have  long  been 
recognized.  Ringer  (1)  observed  the  rhythmical  contractions  of  a 
muscle  placed  in  a  sodium  chloride  solution.  Lingle  (2),  (3)  showed 
that  without  sodium  salt  the  heart  beat  is  impossible,  and  the  rhyth- 
mical activity  of  the  jellyfish  was  by  Loeb  (4)  also  ascribed  to  this  salt. 

Concerning  the  stimulating  effect  of  barium  chloride  Ringer  (1) 
noted  that  its  power  to  produce  contractions  and  persistent  spasm 
much  exceeds  that  of  the  saline  solutions  and  that  the  previous  appli- 
cation of  a  saUne  solution  increases  the  stimulating  effect  of  subse- 
quently applied  barium.  Overton  (5)  found  that  a  mtiscle  which  had 
been  treated  with  a  6  per  cent  cane  sugar  solution  for  a  sufficient  length 
of  time  failed  to  respond  to  barium  stimulation;  be  attributed  this  to 
the  lack  of  sodium  salts  in  the  sugar-treated  muscle.  This  I  (6)  cor- 
roborated by  showing  that  if  a  muscle  is  bathed  with  a  6  per  cent  cane 
sugar  solution  for  twenty  minutes,  the  subsequent  appUcation  of  m/80 
barium  chloride  in  6  per  cent  cane  sugar  produced  a  few  feeble  con- 
tractions only  after  a  latent  period  of  eighteen  minutes;  a  normal  muscle 
in  the  same  concentration  of  barium  chloride  in  a  m/8  sodium  chloride 
solution  begins  to  show  violent  twitches  in  from  one  to  five  minutes. 
Such  a  sugar-treated  muscle  placed  in  a  0.7  per  cent  sodium  chloride 
solution  speedily  regains  its  normal  irritabihty  toward  barium.  The 
loss  of  irritability  which  a  tissue  experiences  durii^  its  stay  in  a  solution 
of  a  non-electrolyte  is  generally  said  to  be  due  not  so  much  to  the  spe- 
cific action  of  the  particular  non-electrolyte  as  to  the  diffusion  of  the 
necessary  salts  from  the  irritable  structure  into  the  non-electrolyte  (7). 
Hence,  the  presence  of  sodiiun  salt  in  the  muscle  is  Indispensable  for 
the  stimulating  action  of  barium  and  the  introduction  of  more  sodium 
chloride  into  the  muscle  may  favor  this  stimulation. 
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While  workup  on  the  stimulatioa  of  a  muscle  by  the  outward  diffus- 
ion of  previously  introduced  barium  salts,  I  bad  frequent  occasion  to 
observe  the  strong  stimulation  of  the  muscle  when  it  was  removed 
from  the  barium  solution.  In  1901  Loeb  (8)  discovered  the  curious 
phenomenon  that  a  muscle  may  be  perfectly  quiescent  in  a  certain 
solution  but  is  thrown  into  violent  twitches  by  the  removal  of  the  so- 
lution, these  contractions  ceasing  almost  immediately  upon  replacing 
the  muscle  in  the  original  solution.  The  solutions  which  Loeb  found 
capable  of  causing  this  reaction  are,  with  one  exception,  the  salts  of 
sodium  which  cause  precipitation  or  inactivation  of  calcium,  such  as 
the  oxalate,  fluoride,  tartrate  and  citrate  of  sodium.  This  most  un- 
usual behavior  of  the  muscle  Loeb  called  contact  reaction  and  the  form 
of  irritabiUty  developed  in  the  muscle  by  the  above-named  reagents  he 
designated  as  "contact  irritability."  Subsequently  I  (9)  showed  that 
it  is  not  necessary  to  precipitate  the  calcium  in  the  muscle  in  order  to 
establish  this  contact  irritability  for  the  previous  bathing  <^  a  muscle 
with  a  solution  of  the  chloride  of  rubidium  or  caesium  enables  various 
other  salts  of  sodium,  Uthium  and  ammonium  to  call  forth  contact 
reactions. 

When  the  gastrocnemius  muscle  of  a  frog  is  placed  in  a  solution  com- 
posed of  10  cc.  0.2  m  dextrose  plus  3  drops  of  m/8  barium  chloride, 
nothing  may  happen  for  one  or  two  hours;  but  the  moment  the  solution 
is  removed,  the  muscle  goes  into  contractions  which  cease  when  it  is 
brought  back  into  the  solution.  In  figure  1  the  muscle,  previous  to 
a,  has  been  in  the  above  named  solution  for  thirty  minutes;  at  a  the 
solution  is  removed  and  as  a  result,  the  hitherto  quiet  muscle  is  thrown 
into  a  strong  contraction;  the  replacing  of  the  barium  chloride  and 
cane  sugar  solution  at  6  quiets  the  muscle  instantly.  At  c  the  removal 
of  the  solution  once  more  causes  activity  on  the  part  of  the  muscle. 
When  the  barium  chloride  is  diluted  with  a  0.7  per  cent  sodium  chloride 
solution  instead  of  6  or  7  per  cent  cane  sugar,  no  contact  reaction  takes 
place.  A  muscle  in  10  cc.  m/8  NaCl  plus  2  or  3  drops  m/8  BaCli  shows, 
after  a  latent  period  varying  from  two  to  thirty  minutes,  energetic 
twitches  as  loi^  as  the  muscle  remains  in  the  solution;  on  removing 
the  muscle  from  the  solution  the  twitches  cease  very  speedily,  to  begin 
again  on  replacing  the  muscle  in  the  solution. 

The  behavior  of  a  muscle  placed  in  a  m/420  BaCli  when  this  le  di- 
luted with  7  per  cent  cane  si^ar  is,  therefore,  very  different  from  that 
of  a  muscle  bathed  with  m/420  BaCli  in  0.7  per  cent  NaCl.  In  the 
first  solution  the  muscle  remains  quiet  for  an  almost  indefinife  period. 
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but  inatantly  goes  into  strong  contraction  when  it  ia  removed  from  the 
Bolution;  in  the  second  case  the  muscle  is  soon  thrown  into  twitches  of 
greater  or  lesser  violence  which  cease  very  soon  after  the  solution  is 
removed.  In  other  words,  barium  in  the  presence  of  sodium  stimu- 
lates as  long  as  it  is  in  contact  with  the  muscle  while  in  the  presence 
of  si^ar  barium  acts  only  on  the  removal  of  the  muscle  from  the  so- 
lution. The  reason  for  this  difference  lies  in  the  influence  of  sodium 
salts  on  the  twofold  action  of  bariimi.  This  twofold  action  of  bariiun 
consists  of:  first,  what  I  shall  call  the  "direct"  or  ordinary  stimulating 
effect  when  a  muscle  is  immersed  in  a  solution  of  a  barium  salt;  second, 
aside  from  this  usual  stimulating  action  which  barium  shares  with 
many  other  chemical  compounds,  barium  calls  forth,  imder  the  proper 


Fig.  1.  At  a  and  e  the  muscle  is  removed  from  a  solution  composed  of  10  cc. 
0.2  m  dextrose  +  3  drops  m/S  BaClt.  At  b  the  solution, is  replaced.  At  d  3 
drops  of  m/8  NaCI  are  added  to  the  above  solution;  at  c  the  muscle  is  removed. 
At  /  the  original  solution  used  at  a  is  replaced  and  at  g  the  muscle  is  removed 
from  it. 

conditions,  a  contact  reaction  which  is  decreased  or  altogether  inhibited 
by  many  of  the  sodium  salts. 

This  action  of  sodium  in  retarding  the  development  of  contact  re- 
action by  barium  can  be  proved  in  various  ways: 

1.  While  m/420  barium  chloride  in  7  per  cent  cane  sugar  gives  rise 
to  contact  reaction  in  ten  or  twenty  minuted,  this  same  concentration 
of  barium  in  0.7  per  cent  sodium  chloride  has  no  such  effect. 

2.  In  figure  1  the  muscle  bathed  with  10  cc.  0.2  m  cane  sugar  plus 
3  drops  m/8  BaCU  gives  rise  to  contact  reaction  shown  at  a  and  c;  at 
d  the  muscle  is  returned  to  the  solution  after  three  drops  of  m/8  sodium 
chloride  have  been  added.  Eleven  minutes  later,  at  e,  the  muscle  is 
again  exposed  to  the  air  but,  it  will  be  seen,  no  contact  reaction  takes 
place.    At  /  the  original  solution  6f  barium  chloride  in  cane  sugar  is 
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replaced  and,  after  seven  miautee,  removal  of  the  muscle  from  the 
solution,  at  g,  once  more  causes  contact  reaction. 

3.  The  two  gastrocnemius  muscles  of  a  frog  were  prepared ;  one  was 
placed  for  twenty  minutes  in  m/8  sodium  chloride;  the  other,  in  7  per 
cent  cane  sugar  for  the  same  length  of  time.  At  the  expiration  of 
this  period,  both  muscles  were  immersed  in  10  cc.  7  per  cent  cane  sugu 
plus  3  drops  BaClt;  the  muscle  previously  bathed  with  cane  st^ar 
showed  contact  reaction  in  fifteen  minutes  while  the  muscle  treated 
with  sodium  chloride  did  not  for  thirty-^ve  minutes.  It  is  evident  that 
the  removal  of  sodium  salts  from  the  muscle  previous  to  the  appli- 
cation of  bariimi  favors  the  develofHoent  of  contact  irritability. 

4.  This  antagonism  of  sodtiim  to  barium  can  also  be  demonstrated 
in  the  following  manner.  The  addition  of  1  or  2  drops  of  sodium 
chloride  to  a  solution  of  cane  sugar  and  barium  chloride  in  which  the 
muscle  has  developed  contact  reaction  very  promptly  abolishes  the 
reaction;  if  now  a  few  more  drops  of  barium  chloride  are  added,  the 
muscle  ^ain  acquires  contact  irritability. 

5.  If  the  sodium  chloride  is  added  immediately  to  the  barium  solu- 
tion the  usual  contact  reaction  does  not  appear;  thus,  in  10  cc.  7  per 
cent  cane  sugar  plus  3  drops  m/8  BaCU  plus  5  drops  m/8  NaCl  the 
muscle  did  not  develop  contact  irritability  although  it  was  allowed  to 
remain  in  the  solution  for  more  than  an  hour. 

What  has  been  said  concerning  the  antagonistic  influence  of  the 
chloride  of  sodiun^also  applies  to  the  bromide,  iodide,  nitrate,  nitrite 
and  chlorate;  this  is  somewhat  surprising  for  most  of  the  above-named 
salts  themselves  stimulate  the  muscle-nerve  preparation,  being  in  this 
respect  far  superior  to  the  sodium  chloride.  Mathews  (10)  gives  the 
order  of  increasing  power  to  stimulate  the  motor  nerve  as: 

NaCl  <  NaBr  <  Nal. 

I  (11)  found  that  while  the  gastrocnemius  muscle  may  remain  for 
two  or  three  hours  in  a  m/8  sodium  chloride  without  any  contractions 
appearing,  in  a  m/8  sodiom  iodide  or  bromide  solution  the  muscle  is 
very  soon  thrown  into  violent  twitches.  Hence,  we  have  here  an  ex- 
ample of  an  agent  which  in  itself  stimulates  greatly  but  which  inhibits 
the  stimulation  brought  about  by  another  agency.  A  few  experiments 
with  sodium  acetate  and  citrate  gave  opposite  results  to  those  obtained 
with  the  iodide,  bromide,  etc.,  but  this  will  be  detailed  in  a  future 
article.  The  chloride  of  potassium,  calcium,  lithium  and  magnesium 
all  abolish  the  contact  irritability  established  by  barium  sa'ts.    Also 
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may  it  be  stated  that  barium  nitrate  behaves  in  same  maimer  as  the 
chloride. 

The  production  of  contact  irritability  by  a  solution  containing  cane 
sugar  and  a  barium  salt  is  due  primarily,  I  think,  to  the  barium.  A 
cane  sugar  solution  having  an  osmotic  pressure  equivalent  to  that  of 
the  muscle — a  0.2286  mole,  according  to  Webster  (12) — does  not 
cause  contact  reaction;  even  a  0.35  m  cane  sugar  and  a  0.8  m  dextrose 
solution  fail  to  do  bo,  even  though  they  are  applied  for  one  or  two  hours. 
Whether  the  su^r  solution  plays  any  other  part  than  to  serve  as  a 
diluent  for  the  barium  salt  and  as  an  indifferent  fluid  which  allows  the 
sodium  salts  to  diffuse  out  of  the  muscle  has  not  been  definitely  as- 
certained. Neither  have  I  gained  any  further  knowledge  as  to  the 
external  condition  that  causes  a  muscle  to  go  into  contraction  on  ite 
removal  from  a  solution  in  which  it  had  remained  at  rest  for  an  hour 
or  more.  This  investigation  concerns  itself  merely  with  the  striking 
fact  that  barium  has  a  twofold  action  on  the  muscle-nerve  preparation; 
first,  a  direct  stimulation  and,  second,  the  development  of  contact 
irritability.  The  first  of  these  effects  of  bfuium  is  not  only  favored  by 
sodium  salts  but  absolutely  depends  upon  the  presence  of  these  salts. 
This  acceleration  is  especially  true  for  such  salts  of  sodium  as  the  bromide 
and  iodide  which  in  themselves  stimulate  the  muscle  and  which  in  the 
presence  of  barium  add  their  effects  to  that  of  barium;  they  may  there- 
fore be  regarded  as  synergistic  agents.  On  the  other  hand,  these  same 
salts  of  sodium  antagonize  the  action  of  barium  in  establishing  contact 
reaction. 

This  peculiar  behavior  of  sodium  salts  is  not  due  to  any  action  upon 
the  motor  nerve  as  the  following  experiments  prove.  The  sciatic 
nerve  of  a  muscle-nerve  preparation  was  placed  in  a  solution  of  10  cc. 
m/8  NaCl  plus  3  drops  of  m/8  BaCli  for  one  or  two  hours;  judged  by 
the  condition  of  the  muscle,  this  solution  failed  to  stimulate  the  nerve. 
When  the  muscle  is  placed  in  this  concentration  of  barium  chloride, 
it  goes  into  twitches  in  from  two  to  ten  minutes.  During  a  brief  stay 
in  the  dilute  barium  chloride  the  nerve  is  not  injured,  for  its  irritability, 
as  measured  by  the  strength  of  faradic  current  necessary  to  stimulate, 
is  actually  greater  thirty  or  forty  minutes  after  its  immersion  in  the 
barium  solution  than  before.  However,  thb  may  be  only  an  apparent 
increase  in  irritability,  due,  as  Shoji  (13)  showed,  to  the  increased 
electrical  conductivity  caused  by  the  passing  of  the  salt  into  the  nerve. 
Neither  is  a  nerve  stimulated  by  m/420  BaClt  in  a  0.2  m  cane  sugar 
or  dextrose  solution,  nor  is  the  removal  of  the  nerve  from  this  solution 
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followed  by  any  activity  on  the  part  of  the  muacle,  i.e.,  no  contact 
irritability  is  established.  It  is  therefore  highly  probable  that  these 
two  e£fect9  of  barium  salts  are  brought  about  in  the  muscle  itself. 

The  explanation  of  these  two  effects  of  bariimi  and  the  syjaergistic 
action  of  sodium  salts  in  the  usual  form  of  stimulation  by  barium  and 
their  antagonistic  action  in  the  production  of  contact  reaction,  no 
doubt,  depends  upon  the  explanation  that  must  still  be  found  for  the 
contact  phenomenon  in  general.  Meanwhile  two  explanations  sug- 
gest themselves.  It  is  conceivable  that  barium  in  the  presence  of 
sodium  stimulates  a  certain  structure  in  the  muscle  and  thereby  causes 
the  muscle  to  exhibit  the  usual  contractions  observed  as  long  as  the 
muscle  remains  in  the  solution.  But,  in  the  absence  of  sodium,  barium 
merely  so  alters  this  structure  that  it  readily  responds  to  a  new  (or 
additional)  form  of  stimulus,  the  nature  of  which  is  at  present  unknown 
and  which  beccmes  operative  only  when  the  muscle  is  removed  from 
the  solution;  the  chat^  brought  about  by  barium  in  this  irritable 
structure  is  prevented  by  sodium  salts.  Or  we  may  presuppose  two 
irritable  structures  in  the  muscle,  e.g.,  the  muscle  fiber  itself  and  the 
receptive  substance.  One  of  these  is  acted  upon  synergistically  by 
sodium  and  barium;  this  leads  to  what  we  have  called  the  direct  stimu- 
lation. The  other  structure  is  so  affected  by  the  barium  that  contact 
irritability  is  estabUshed  and  the  establishing  of  this  contact  irrita- 
bility is  prevented  by  sodium.  Both  these  actions  of  barium  are  an- 
tagonized by  potassium,  calcium  and  magnesium  ions. 

SUUHARY 

1.  Barium  salts  have  two  effects  upon  the  muscle: 

a,  They  cause  "direct  stimulation"  which  results  in  contractions  of 
the  muscle  as  long  as  the  muscle  remains  in  the  solution. 

b,  They  establish  "contact  irritability"  which  the  muscle  exhibits 
only  when  it  is  removed  from  the  solution. 

2.  For  the  "direct  stimulation"  by  barium  the  presence  of  sodium 
salts  is  necessary;  removal  of  these  salts  by  immersing  the  muscle  in 
an  isotonic  cane  sugar  or  dextrose  solution  renders  this  stimulation 
impossible. 

3.  In  the  establishing  of  "contact  irritability"  by  barium,  certain 
sodium  salts  act  antagonistically  and  therefore  their  removal  by  bath- 
ing the  muscle  in  a  sugar  solution  is  necessary. 

4.  Both  the  direct  stimulation  and  the  contact  reaction  are  antago- 
nized by  potassium,  calcium  and  magnesium. 
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The  work  of  the  last  ten  years  on  the  presence  of  the  antineuritic 
vitamine  in  foodstuffs  has  conclusively  demonstrated  that  the  seeds  of 
the  ordinary  cereals  are  relatively  rich  in  thi3  accessory  food.  The 
Btudy  of  beriberi,  for  instance,  has  shown  that  the  whole  rice  kernel 
is  a  prophylactic  against  this  disease,  whereas  highly  milled  rice  is 
devoid  of  this  property.  The  difference  in  the  two  kinds  of  rice  is, 
that  the  highly  milled  variety  does  not  contain  the  peripheral  layers 
nor  the  germ  of  the  seed,  these  portions  being  removed  with  the  "offal" 
in  the  milling  process.  It  was  found,  furthermore,  that  the  rice  offal 
(polishings)  contain  the  antineuritic  vitamine,  and  the  question  then 
arose  as  to  the  location  of  the  substance  in  the  peripheral  layers  of  rice. 
Funk  (1)  and  many  others  claimed  that  the  seat  of  the  vitamine  was 
to  be  found  in  the  aleurone  cells.  This  claim  was,  however,  never 
substantiated  by  experimental  evidence,  but  it  nevertheless  led  to  a 
similar  doctrine  regarding  the  distribution  of  the  antineuritic  vitamine 
in  the  wheat  and  com  kernel. 

In  1915  McCoUum  and  Davis  (2)  were  able  to  show  that  the  wheat 
embryo  is  more  efficient  in  promoting  growth  than  the  entire  wheat. 
It  should  be  stated  that  these  authors  used  as  wheat  germ  a  product 
which  was  obtained  from  a  flour  mill  and  which,  although  being  largely 
composed  of  the  embryo  of  wheat,  was  contaminated  by  other  por- 
tions of  the  grain.  About  the  same  time  VoegtUn,  Sullivan  and  Myers 
(3)  demonstrated  that  commercial  com  germ  has  prophylactic  value 
in  avian  polyneuritis. 

A  little  later,  extensive  investigations  by  Voegtlin  and  Myers  (4)  on 

the  relative  food  value  of  various  wheat  flours  and  com  foods,  brought 
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out  the  fact  that  those  of  the  modern  mill  products  which  were  par- 
ticularly rich  in  embryo,  of  either  com  or  wheat,  were  also  very  ef- 
fective in  the  treatment  and  prevention  of  the  polyneuritis  of  p^^ns. 

During  the  progress  of  the  present  investigation  an  article  appeared 
by  Chick  and  Hume  (5)  in  which  these  authors  also  call  attention  to 
the  germ  of  cereals  as  being  the  chief  seat  of  the  antineuritic  substance. 
They  consider  the  aleurone  layer  as  next  in  importance  in  this  respect. 

From  the  foregoii^,  it  is  evident  that  the  embryo  of  com  and  wheat 
is  probably  the  part  of  the  seed  which  contains  a  considerable  amount 
of   antineuritic   vitamine.     This   conclusion   is   fairly   well   justified 


Fig.  1  Fig.  2 

although,  as  has  already  been  pointed  out,  the  ordinary  commercial 
wheat  or  com  germ  does  not  contain  the  histological  elements  of  the 
embryo  only,  but  also  some  bran  and  endosperm.  For  theoretical 
and  practical  reasons  it  was  very  important  to  follow  out  this  line  of 
investigation  with  a  view  to  decide  the  following  questions: 

Is  the  antineuritic  vitamine  located  in  both  the  aleurone  layer  and 
the  embryo,  or  only  in  one  of  these  tissue  elements? 

The  relations  of  the  various  parts  of  the  com  and  wheat  kernel  are 
illustrated  by  figures  1  and  2.  The  research  was  carried  out  on  adult 
pigeons,  series  of  which  were  fed  on  the  following  mixture;: 
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1.  "Degenninated"  com,  com  kernel  from  which  the  germ  had  been 
removed. 

2.  "Determinated"  com,  90  per  cent,  casein  (purified),  5  per  cent, 
salt  mixture,  5  per  cent. 

3.  " D^erminated"  com,  85  per  cent,  casein  (purified),  5  per  cent, 
salt  mixture,  5  per  cent,  butter  fat,  5  per  cent. 

4.  Whole  com. 

5.  "Degerminated"  wheat. 

In  regard  to  the  removal  of  the  germ,  it  should  be  emphasized  that 
this  has  to  be  carried  out  with  painstaking  accuracy,  as  otherwise  the 
results  of  the  feeding  experiments  are  misleadit^.  In  the  case  of  com 
it  is  relatively  easy  to  separate  all  of  the  germ  from  the  endosperm  by 
means  of  two  sharp  incisions,  as  indicated  in  figure  1.  The  com  endo- 
sperm ia  hard,  whereas  the  germ  is  much  softer,  a  fact  which  facilitates 
their  separation.  In  the  case  of  wheat  it  is  necessary  to  sacrifice  nearly 
one-half  of  the  kernel  by  means  of  a  cross-section  (fig.  2).  The  wheat 
germ  adheres  very  firmly  to  the  endosperm  and  is  very  difficult  to 
remove  completely.  As  a  matter  of  fact,  we  are  convinced  that  in 
the  early  part  of  the  experiment,  illustrated  by  chart  5,  not  all  of  the 
germ  had  been  completely  removed,  which  explains  the  delay  in  the 
onset  of  polyneuritis.  Soon  after  this  defect  was  remedied  the  pigeons 
developed  the  disease. 

The  results  obtained  are  very  conclusive  and  need  very  little  discus- 
sion. It  ia  perfectly  evident  that  removal  of  the  germ  or  embryo 
from  com  and  wheat  deprives  these  cereals  of  their  antineuritic  vita- 
mine.  That  the  disease  appearing  on  a  diet  of  "degerminated" 
cereal  is  polyneuritis  is  evident  from  a,  the  typicaJ  symptoms;  b,  the 
histological  changes  in  the  sciatic  nerve;  and  e,  the  fact  that  the  admin- 
istration of  an  alcoholic  extract  of  com  germ  or  autolyzed  brewer's 
yeast  leads  to  a  prompt  disappearance  of  the  symptoms.  It  is,  fur- 
thermore, interesting  to  note  the  rapid  recovery  of  body  weight  and 
well-being  following  a  change  to  whole  corn  or  wheat,  respectively. 
Proof  that  the  symptoms  are  not  due  to  the  deficiency  of  the  "deger- 
minated" cereal  in  other  essential  foods  is  furnished  by  the  experiments 
illustrated  by  charts  2  and  3.  Chart  4  and  other  unpublished  data 
show  that  pigeons  can  live  in  perfect  health  for  a  period  of  at  least 
four  months  on  an  exclusive  diet  of  either  the  whole  com  or  wheat 
kernel. 
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COiaiENTS  ON  BESFLTS 


It  would  appear  from  the  results  obtained  in  this  research  that  the 
antineuritic  eubstance  of  com  and  wheat  is  located  entirely  in  the 
embryo  of  the  grain.  This  discovery  is  of  considerable  interest:  a,  in 
relation  to  the  biological  significance  of  the  antineuritic  vitamine,  and 
i>,  on  account  of  its  bearing  on  practical  dietetics. 

Durii^  the  process  of  germination  the  metabolism  is  particularly 
active  in  the  embryo,  the  necessary  energy  being  furnished  by  the 
deposit  of  starch  and  protein  in  the  endosperm.  The  fact  that  the 
vitamine  is  located  in  the  germ  and  not  in  the  endosperm  mi^t  be 
considered  aa  evidence  that  the  growth  of  the  young  plant  (cell  divi- 
sion anddifferentiation)  is  dependent  on  the  presence  of  this  particular 


Charts 

vitamine.  There  are  no  known  facts  which  would  contradict  such  an 
assumption.  On  the  contrary  it  is  very  well  established  tJ^iat  the 
growth  of  animals  is  also  dependent  on  the  presence  of  a  minimum 
amount  of  antineuritic  substance.  The  following  objection  might 
possibly  be  raised  to  this  view:  Ajumals  have  to  depend  ultimately  on 
plants  for  their  supply  of  antineuritic  substance,  as  the  organs  of  ani- 
mals are  incapable  of  producing  the  substance  from  other  materials, 
while  plants  can  synthetize  the  antirmiHlic  vitamine.  Taking  this  into 
consideration,  however,  it  is  probably  more  than  a  mere  coincidence 
that  the  com  and  wheat  embryo  should  contain  the  entire  vitamine 
supply  of  the  kemel.  It  is  very  likely  that  the  presence  of  this  sub- 
stance is  needed  in  the  metabolic  processes  associated  with  the  forma- 
tion of  the  elements  of  the  young  plant.  What  these  particular  pro- 
cesses are  is  diSBcult  to  say,  although  the  antineuritic  vitamine  ia 
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perhaps  coneeraed  in  some  way  or  another  with  the  oxidative  fimc- 
tiona  (see  Dutcher  and  Collatz,  16). 

That  the  antineuritic  substance  has  some  relation  to  metabolism  ia 
indicated  by  various  other  observations.  One  of  these  is  the  distribu- 
tion of  the  substance  in  the  organs  of  the  animal  body.  From  the  work 
of  Cooper  (7),  Osborne  and  Mendel  (8)  and  others,  it  would  appear 
that  organs  with  a  high  rate  of  metabolism  are  also  rich  in  antineuritic 
vitamine.  The  liver  and  the  heart  muscle,  for  instance,  are  very  rich 
in  vitamine  and  are  also  known  to  be  places  of  especially  high  metab* 
olic  activity.  Skeletal  muscle,  pancreas,  kidney,  brain,  etc.,  come 
next  in  Une.  It  is,  furthermore,  significant  that  the  first  symptoms  in 
so-called  "wet"  beriberi  point  to  the  heart  as  being  primarily  affected 
by  the  vitamine  deficiency  of  the  diet.  It  is  also  striking  that  e^ 
yolk  and  beans  should  be  rich  in  vitamine ;  whereas  egg  white,  the  green 
parts  of  plants'  and  fruits  (such  as  oranges)  are  relatively  poor  in  this 
substance.  The  yeast  cell,  with  its  extraordinarily  active  metabolism, 
is  also  extremely  rich  in  vitamine. 

These  considerations  are  summarized  in  table  1  compiled  from  the 
observations  of  various  authors. 

To  return  to  the  practical  aspects  of  the  present  research,  it  might  be 
well  to  call  attention  to  the  bearing  of  these  results  on  the  question  of 
the  nutritive  value  of  bread.  It  is  evident  that  as  long  as  it  was  as- 
sumed that  the  antineuritic  vitamine  was  located  principally  in  the 
aleurone  cells,  it  was  not  so  objectionable  to  remove  the  germ  during 
the  milling  process.  Our  present  knowledge,  however,  would  indicate, 
that  by  excluding  the  gena  from  the  flour  and  commeal  we  deprive 
these  foods  of  some  of  their  most  valuable  dietary  properties.*  It 
should  be  possible  so  to  alter  the  millii^  process  as  to  allow  the  germ 
of  the  cereal  to  be  incorporated  in  the  finished  product.  A  flour  or 
commeal  containing  the  germ  would,  of  course,  yield  bread  of  a  slightly 
darker  color.  On  the  other  hand,  it  is  taken  for  granted  that  flour  or 
com  meal  containing  the  embryo  could  not  be  stored  for  as  long  a 
time  as  the  ordinary  highly-milled  products,  without  undergoing  some 

■  Since  this  article  went  to  press  a  paper  by  Osborne  and  Mendel  (J.  Biol.  Chem. 
1919.  xxxvii,  1S7)  appeared,  in  which  these  authoie  state  that  dried  spinach 
leaves  contain  about  one-fourth  as  much  antineuritic  vitamine  as  brewer's  yeist. 
The  green  parts  of  plants  are  evidently  not  as  poor  in  this  vitamine  as  baa  been 
assumed  hitherto.  This  observation  substantiates  our  conception  of  the  rotation 
between  metabolic  activity  and  antineuritic  vitamine,  aa  the  metabolism  of  the 
leaves  of  vegetables  is  certainly  very  active  during  the  growth  of  the  plant. 

*  The  germ  also  contains  a  considerable  amount  of  fat  soluble  vitamine. 
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deterioration.    Thia  is  a  considerable  disadvantage,  but  could  be 
partly  overcome  by  proper  harvesting  and  storage. 

A  considerable  number  of  investigators  have  conceded  the  higher 
nutritive  value  of  war  bread  made  from  "low  extraction"  fiour  (con- 
taining the  germ  and  sfune  of  the  bran).  The  main  objection  to  this 
flour  is  attributed  to  its  excessive  cellulose  content,  which  may  lead  to 
intestinal  disturbances  in  susceptible  individuals.  We  believe  that  a 
product  which  does  not  contiun  any  bran  but  does  include  the  germ, 
would  not  possess  these  objectionable  features,  would  at  the  same  time 
be  more  nutritious  and  would  reduce  greatly  the  possibility  of  vitamine 
deficiency  in  the  modern  mixed  diet.    Increasing  the  vitamine  supply 
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in  our  diet  should  be  our  aim  in  order  to  insure  a  sufficient  margin  of 
safety,  and  increasing  the  vitamine  content  in  our  daily  bread  would 
go  a  long  way  toward  accomplishing  this  end. 


1.  The  germ  or  embryo  of  the  wheat  and  com  kernel  contains  all  of 
the  antineuritic  vitamine  of  these  cereals. 

2.  Wheat  Sour  or  com  meal  containing  the  germ  is,  therefore,  more 
nutritious  than  the  corresponding  highly-milled  products. 

3.  Consideration  of  the  distribution  of  the  antineuritic  substance  in 
the  wheat  and  com  kernel  and  in  the  animal  body  su^ests  that  this 
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accessoiy  food  is  necessary  for  tte  metaboliHin  of  the  growing  plant  as 
well  iB  tlie  animal  body.  It  appears  that  celk  with  aa  especially 
active  metabolism  are  also  rich  in  antineuritic  ritamine. 
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In  an  attempt  to  determine  whether,  following  intravenous  injeo- 
tioD  of  hypertonic  solutions  of  sodium  chloride,  an  increased  amount 
of  this  salt  could  be  detected  in  the  cerebro-spinal  fluid,  it  was  noted 
that  within  a  short  time  after  the  intravenous  injection,  cerebro-spinal 
fluid  could  not  be  obtained  when  the  subarachnoid  space  was  ent^^. 
This  observation  led  at  once  to  the  attachment  of  a  manometer  to  the 
puncture  needle  for  the  purpose  of  maldi^  continuous  readings  of  the 
cerebro-spinal  fluid  pressure  following  the  intravenous  injection  of 
hypertonic  solutions  of  sodium  chloride.  It  was  soon  found  that  the 
pressure  of  the  cerebro-spinal  fluid  could  be  altered  very  rapidly 
and  very  definitely  by  intravenous  injections  of  solutions  of  various 
concentrations. 


Cats  were  uaed  entirely  in  these  experiments  and  the  subarachnoid 
space  was  entered  by  pimcture  with  a  needle  through  the  occipito- 
atlantoid  ligament.  All  animals  were  placed,  lying  on  their  sides,  on  a 
level  board  and  kept  thus  throughout  the  pressure  observations.  As 
soon  as  a  puncture  was  made  a  glass  manometer  was  connected  with 
the  puncture  needle  by  means  of  a  metal  elbow.  For  observations 
where  previous  experience  made  it  certain  that  the  pressure  would 
remain  above  zero,  a  straight  manometer  was  used,  but  for  observa- 
tions involving  pressures  below  zero  a  U-shaped  manometer,  filled  to 
zero  with  Ringer's  solution,  was  connected  with  the  puncture  needle. 
The  manometer  was  held  in  the  vertical  position  throughout  the  exper- 
512 
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iment  by  a  burette  clamp.  As  soon  as  the  manometer  was  attached, 
direct  readinga  were  b^un  and  continued  every  balf-minute  for  eighty 
or  more  minutes.  Each  reading  was  recorded  as  made  and  curves 
plotted  at  the  end  of  each  experiment.  Our  experience  has  shown  that 
any  manipulation  of  the  puncture  needle  and  of  the  manometer  should 
be  avoided  -if  possible.  After  a  good  entry  of  the  subarachnoid  space 
uniform  conditions  are  thus  assured  throughout  the  period  of  the 
experimentation.  Sixteen  to  eighteen  gauge  pimcture  needles  and 
manometers  with  a  bore  of  1  to  1.5  mm.  were  used  in  these  observaticHts. 

Ether  was  chosen  as  the  anesthetic  laigely  because  experience  showed 
that  the  concentration  of  the  anesthetic  had  to  be  r^ulated  in  accord- 
ance with  the  solution  injected.  It  was  necessary  in  many  cases  to 
Htminiah  the  amount  administered  for  some  minutes  to  avoid  death  of 
the  animal,  particularly  when  the  initial  injection  was  giv^  too  rapidly. 
Although  with  a  non-volatile  anesthetic  a  more  even  narcosis  might  be 
assumed,  the  disadvantages  of  this  method  were  found  to  outweigh  its 
advantages.  In  the  early  experiments  ether  was  given  by  cone  but  in 
later  observations  a  very  even  and  satisfactory  anesthesia  was  carried 
out  by  the  well-known  method  of  intratracheal  insufflation.  In  many 
of  the  routine  experimenia  a  constant  adjustment  of  the  air  and  ether 
volimie  by  this  method  was  maintained  throi^hout. 

Variation  in  the  temperature  of  the  ftnimula  durii^  these  long  obser- 
vations under  ether  was  found  to  affect  the  general  condition  of  the 
animal  and  consequently  the  pressure  of  the  oerebro-sinnal  fiuid,  so 
that  an  attempt  was  made  to  maintain  the  body  temperature  of  the 
animals  during  the  experiments  by  means  of  suitably  adjusted  electric 
lamps. 

Injections  of  the  solutions  of  different  concentrations  were  all  made 
intravenously.  In  the  early  experiments  the  injections  were  made  with 
a  efjrringe  but  owing  to  the  difficulty  of  control  the  later  injections  were 
all  given  from  a  burette  connected  by  rubber  tubing  with  a  venous 
cannula. 

KOBHAI,  PSESSUBB8 

A  number  of  readings  of  the  nonnal  pressure  of  the  cerebro-spinal 
fiuid  were  made  in  cats  under  ether  anesthesia.  At  first  these  readings 
were  isolated  observations  and  as  soon  as  the  fluid  in  the  manometer 
reached  a  fairly  constant  level,  the  record  was  made.  Such  observa- 
tions were  made  on  twenty  cats,  under  routine  experimental  conditions 
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and  an  average  pressure  of  119  mm.  of  cerebro-Bpinal  fluid  was  obtained. 
The  maximal  recorded  pressure  was  155  mm.  and  the  minimitl  90  mm. 

But  these  observations  were  all  made  on  ^nimalH  which  were  im- 
mediately thereafter  used  for  other  purposes.  The  method  of  record- 
ing the  pressure  was  imperfect  in  that  a  considerable  dislocation  of  the 
cerebro-spinal  fluid  occurred;  this  dislocated  fluid  w^  required  to  fill 
the  manometer  to  the  initial  level.  likewise  the  ether  was  admin- 
istered by  cone,  a  method  which  gave  varying  concentrationa  of  the 
anesthetic.  It  was  felt  that  the  true  pressure  of  the  fluid  cou'.d  only 
be  obtained  after  sufficient  time  had  elapsed  to  permit  any  compensa- 
tion for  the  didocated  fluid.  In  addition,  in  connection  of  the  manom- 
eter to  the  needle,  some  fluid  was  very  frequently  lost;  this  loss  gave  a 
lower  initifd  reading  and  necessitated  further  replacement.  Hence 
experimenta  irere  undertaken,  with  the  anesthetic  administered  by  the 
intratracheal  method,  extending  over  a  sufficient  period  of  time  to  per- 
mit all  physiological  compensation  for  displacement  and  loss  of  fluid. 
For  the  most  part  such  compensation  was  accomplished  within  the  first 
fifteen  minutes,  as  shown  by  the  subsequent  records. 

In  our  observations  the  excursions  of  the  column  of  cerebro-spinal 
fluid  in  the  manometer,  due  to  inspuiition  and  expiration,  were  influ- 
enced by  the  method  of  anesthesia.  With  the  administration  of  ether 
through  the  intratracheal  tube  the  character  and  extent  of  the  respira- 
tory movements  are  altered.  With  an  intratracheal  tube  of  the  proper 
size,  sufficient  space  is  left  in  the  trachea  and  larynx  to  allow  a  free 
return  to  the  erterior.  Asphyxia  seems  to  be  wholly  avoided  by  the 
inoper  regulation  of  the  intratracheal  blast.  The  respiratory  move- 
ments may  be  controlled  by  the  volume  of  the  blast;  in  these  experi- 
ments it  was  planned  to  maintain  sufficient  movement  in  inspiration 
and  expiration  to  give  to  the  column  of  fluid  in  the  manometer  con- 
nected with  the  subarachnoid  space,  well^narked  excursions.  Under 
these  conditions  these  excursions  varied  from  1  mm.  to  6  mm.,  usually 
being  about  4  mm.  m  amplitude.  These  excursions  were  measured  from 
the  low  point  reached  in  Inspiration  to  the  high  point  reached  in  expi- 
ration. Pressure  on  the  thorax  in  our  experiments  caused  a  rise  of 
several  centimeters  la  the  fluid  column  in  the  manometer.  Along  with 
the  respiratory  excursions  just  noted,  there  also  occur  in  the  fluid 
column,  pulsations  due  to  the  heart-beat.  In  our  experiments  these 
pulsations  varied  from  0.5  ram.  to  2  mm.  under  certain  conditions. 
The  usual  ampUtude  of  these  cardiac  pulsations  was  1  mm. 
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Under  experimental  conditions  aesurii^  constant  anesthesia  and 
constant  body  temperature,  a  number  of  continuous  readings  of  the 
pressure  of  the  cerebro-spinal  fluid  were  made  over  a  period  of  eighty  min- 
utes. Figure  1  is  a  composite  constructed  from  seven  such  observa- 
tions and  shows  the  maintenance  of  a  very  uniform  pressure  through- 
out, though  with  a  sl^ht  rise  in  the  readings  durii^  the  first  fifty 
minutes. 
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Fig.  1.  Composite  curve  showing  normal  pressure  of  cerebro-spinal  fluid. 
Composite  made  from  seven  individual  curves. 

Figure  2  shows  a  ciure  of  normal  pressure  of  a  single  cat.  It  will 
be  noted  that  in  the  first  five  minutes  of  the  observation  there  is  a 
considerable  rise  in  the  pressure.  This  is  quite  characteristic  in  many 
of  our  observations  and  may  be  accounted  for  by  two  factors.  First, 
following  the  release  of  the  cerebro-spinal  fluid  by  the  puncture,  dis- 
location of  some  of  the  fluid  to  fill  the  manometer  was  inevitable; sec- 
ond, in  the  connection  of  the  manometer  with  the  puncture  needle  the 
loss  of  at  least  one  drop  of  cerebro-epinal  fluid  occurred  in  this  obser- 
vation. This  initial  rise  then  probably  represents,  partially  at  least, 
the  restoration  of  the  fluid  displaced  and  lost  in  the  connection  of  the 
manometer.  The  rise  in  the  curve  is  unusually  abrupt  and  the  com- 
pensation seems  complete  as  indicated  by  the  maintenance  for  the 
remainder  of  the  experiment  (70  minutes)  of  a  uniform  pressure.    Dur- 
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ii^  this  observation,  when  the  pressure  readings  were  constantly  at  the 
same  level,  the  respiratory  excursions  in  the  column  of  fluid  in  the 
manometer  were  3  mm.  and  the  arterial  variationa  0.5  to  2  mm.  The 
uniformity  of  the  pressure  readings  indicates  that  under  the  experi- 
mental conditions  prevailing,  reliable  data  were  obtained. 

In  figure  1,  the  composite  record  of  seven  observations,  it  is  indi- 
cated that  the  pressure  of  the  cerebro-spinal  fluid  in  the  etherized  cat 
was  from  135  to  145  mm.,  with  the  rise  occurring  largely  in  the  early 
part  of  the  curve.  Comparable  values  for  the  pressure  of  the  cerebro- 
spinal fluid  were  obtained  from  many  other  cats,  both  as  initial  readings 
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Fig.  2.  CtA  no.  1319.  Normal  preuure  of  cerabro-apinal  fluid 

and  as  values  of  Uie  pressure  after  the  completion  of  the  initial  rise. 
In  this  series  of  sixty-five  cats,  which  includes  the  twenty  already 
mentioned,  the  initial  pressure  averaged  119  mm.  of  cerebrospinal  fluid; 
the  subsequent  pressure  (after  early  compensation  had  occurred),  aa 
based  on  twenty-one  animals,  averaged  129  mm.  of  cerebrospinal 
fluid.  The  interesting  relationship  of  the  lower  value  of  the  initial 
reading  to  the  later  more  constant  pressure  is  thereby  indicated. 

Analysis  of  the  initial  pressures  of  the  cerebrospinal  fluid  in  these 
sixty-five  cases  shows  that  in  only  e^t  cats  was  the  reading  less  than 
100  nun.  In  several  of  these  a  loss  of  three  or  more  drops  of  fluid,  in 
connectii^  the  manometer,  was  noted ;  one  animal  was  obviously  in  poor 
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physical  condition  at  the  time  of  experimentation.  Others  of  these 
eight  cats  had  been  subjected  to  previous  experimental  procedure'  in 
the  laboratory.  Thirty-six  of  the  sixty-five  cats  gave  initial  readings 
between  100  and  120  mm.  with  an  aven^  of  110  nun.,  white  seven 
cats  fell  between  120  and  140  mm.  with  an  average  of  131  mm.  Four- 
teen cats  showed  an  initial  pressure  of  over  140  mm.  with  an  average 
of  153  mm.  Five  of  the  fourteen  had  been  previously  used  for  experi- 
ments leading  to  the  possible  production  of  a  chronic  meningitis.  Id 
none  of  these  fourteen  was  the  fluid  loss  in  the  connection  of  the  manom- 
eter more  than  one  drop.  Further,  the  cats  which  had  not  been  sub- 
jected to  previous  experimentation  gave  the  lower  values  in  this  series 
of  fourteen. 

The  increased  elaboration  of  the  cerebrospinal  fiuid  under  the  influ- 
ence of  the  volatile  anesthetics  (ether,  chloroform)  has  been  noted 
many  times  since  Cappelletti  (1)  first  described  this  phenomenon.  Fettit 
and  Girord  (2),  and  later  Dandy  and  Blockfan  (3)  and  Dixon  and 
Halliburton  (4)  have  emphasized  its  importance.  All  the  observations 
have  dealt  with  an  increased  production  of  fluid  as  determined  by  the 
rate  of  flow  from  a  needle  or  cannula  in  the  subarachnoid  space,  the 
pressure  of  the  cerebro-spinal  fluid  being  determined  by  the  capillary 
resistance  to  flow  in  the  cannula.  Although  no  attempt  has  been 
made  in  these  experiments  to  study  extensively  the  effects  of  variations 
in  the  concraitration  of  the  anesthetic  on  the  pressure  of  the  cerebro- 
spinal fluid,  some  data  relating  to  the  pressure  of  the  fluid  under  these 
conditions  have  been  obtained. 

In  our  earlier  observations,  where  ether  was  given  by  cone,  it  soon 
became  apparent  that  variations  in  the  concentration  of  the  ether  were 
sufficient  to  cause  changes  of  appreciable  magnitude  in  the  pressure  of 
the  cerelm>-6pinat  fluid  as  read  in  the  manometer.  Analysis  of  such 
experiments  where  there  were  changes  in  the  pressure  of  the  cerebro- 
spinal fiuid  due  to  variations  in  the  ether  supply,  shows  that  the  pres- 
sure will  vaiy  from  5  to  20  mm.  with  slight  changes  in  the  anesthetic 
during  its  routine  administration  by  cone.  Other,  greater  changes  in 
the  pressure  hdve  occurred  in  animals  which  were  brought  rather 
quickly  from  very  light  to  full  anesthesia  or  vice  versa.  Associated 
with  the  possible  increase  in  the  production  of  cerebro-epinal  fluid  due 
to  the  ether  are  other  equally  significant  vascular  readjustments;  the 
ctHnbination  of  the  two  factors  within  the  cranium  determines  the 
resulting  pressure  change  in  the  spinal  fluid.  Similarly,  exhaustion  of 
the  secreting  cells  of  the  choroid  plexus  by  the  onestheua  may  present 
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OD  additional  element  which  in  the  latter  parts  of  the  obeervation 
causes  further  alterations  in  the  fluid  pressure. 

Such  considerations  lead  to  the  view  that  the  pressures  recorded  as 
nonnal  in  foregoing  part^raphs  are  only  relatively  and  not  absolutely 
accurate.  For  the  values  are  influenced  by  the  displacemeat  of  fluid  in 
the  manuneter,  by  loss  of  fluid  in  connecting  the  apparatus  and  by  the 
anesthesia.  The  alterations  in  pressure  referable  to  the  anesthetic  and 
associated  asphyxia  have  been  controlled  throi^out  so  that  these 
factors  are  constant  in  all  of  our  observations.  Partial  or  complet« 
compensation  for  dislocation  or  loss  of  fluid  is  quite  uniform  and  occurs 
largely  during  the  first  few  minutes  of  experimentation.  Such  relatively 
constant  records  of  the  pressure  of  the  spinal  fluid  give  a  reasonable 
basis  upon  which  further  experimental  data  may  be  interpreted. 

ringer's  solution 

Followii^  the  above  observations  in  which  the  normal  pressure  has 
been  plotted  over  periods  of  eighty  minutes,  the  etfects  of  various 
quantities  of  Ringer's  solution,  injected  intravenously,  were  considered. 
The  fonnula  for  the  Ringer's  solution  used  is  as  follows:  NaCl,  0.9  per 
cent;  KCl,  0.042  per  cent;  CaCli,  0.025  per  cent.  In  the  experiments 
in  which  a  relatively  small  amount  of  the  solution  (12  to  20  cc.)  was 
injected,  the  curve  showii^  the  pressure  of  the  cerebro-apinal  fluid 
rises  during  the  injection  but  falls  on  its  completion  to  the  level  pre- 
vailing at  the  beginning  of  the  experiment.  This  pressure  is  then 
maintained  during  the  remainder  of  the  observation.  Such  curves 
simulate  very  closely  the  normal  except  for  the  temporary  rise  during 
the  injection.  This  initial  rise  is  most  marked  when  the  intravenous 
injection'  is  given  very  rapidly  and  with  considerable  pressure.  It 
seemed  apparent  then  that  after  the  injection  of  small  amounts  of 
Ringer's  solution  physiological  readjustment  of  the  volume  of  the 
blood  took  place  very  rapidly  so  that  the  pressure  of  the  cerebro-spin^ 
fluid  was  not  essentially  affected. 

Other  experimente  were  performed  in  which  a  large  quantity  (100  co.) 
of  Ringer's  solution  was  introduced  intravenously  in  order  to  furnish 
control  for  observations  (to  be  described  later)  in  which  100  cc.  of 
water  were  injected,  and  to  determine  if  possible  the  effect  on  the  pres- 
sure of  the  cerebro-spinal  fluid  of  the  intravenous  introduction  of  this 
enormous  volume  of  a  solution  isotonic  with  the  blood.  Figure  3 
shows  a  record  of  the  pressure  of  the  cerebro-apinal  fluid  in  such  an 
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experiment.  Ib  this  cose  the  injection  was  made  from  a  burette  con- 
nected with  s  cannula  in  a  fore-leg  vein  and  lasted  for  twenty-six  min- 
utes, being  given  then  at  a  rate  of  3.85  cc.  per  minute.  During  the 
injection  of  the  first  33  cc.  the  rate  was  rapid  (6.6  cc.  per  minute); 
and  for  the  next  17  cc.  the  rate  was  4.25  cc.  per  minute.  Reference  to 
figure  3,  in  which  the  rapidity  of  the  injectioQ  is  indicated  on  the  base 
line  showing  the  period  of  injection,  reveals  the  fact  that  when  the  rate 
of  introduction  of  the  fluid  was  high,  at  the  banning  of  the  injection, 
the  pressure  of  the  cerebro-spinal  fluid  rose  more  abruptly  and  more 
rapidly  than  when  the  rate  was  decreased.  The  mechanical  effect  of  a 
difference  in  the  rate  of  intravenous  injection,  on  the  pressure  of  the 
cerebro-spinal  fluid,  is  thus  indicated.  A  further  matter  of  interest 
brought  out  by  our  observation  during  the  injection  period  in  this 
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Fig.  3.  Ckt  no.  1M3.  Preamire  cerebro-epinal  fluid  with  intravenoiu  injection 
of  100  cc.  of  Ringer's  Bolution. 

experiment,  is  that  the  impact  of  the  injection  seems  to  have  an  effect 
on  the  pressure  of  the  cerebro-spinal  fluid  which  is  independent  of  the 
effect  produced  by  rapid  injection.  This  has  been  noted  in  many  of 
our  experimente.  During  the  latter  part  of  the  period  of  injection  the 
rate  was  low  and  it  can  be  seen  from  figure  3  that  the  pressure  of  the 
cerebro-spinal  fluid  had  already  begun  to  fall.  This  decrease  in  pres- 
sure continued  gradually  and  uniformly  during  the  remainder  of  the 
observation,  the  fall  gradually  becoming  lees  rapid.  Within  thirty 
minutes  after  the  completion  of  the  injection  the  pressure  had  dropped 
to  138  mm.,  a  point  probably  well  within  the  normal  pressure  variation 
in  this  animal.  During  the  last  thirty  minutes  of  the  experiment  the 
pressure,  which  was  falling  very  gradually,  was  practically  the  same  as 
that  noted  before  the  injection  of  the  Ringer's  solution. 
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It  is  apparent  from  the  for^^ing  observation  that  the  inb^Tenous 
iojectioD  of  a  relatively  large  volume  of  fluid  isotonic  with  the  blood, 
although  it  increases  the  pressure  of  the  cerebro-spinal  fluid  during  the 
period  of  injection,  does  not  bring  about  any  material  and  lasting 
change  in  this  pressure.  The  physioli^cal  adjustment  to  such  a  large 
volume  is,  however,  a  process  requiring  more  time  than  is  necessitated 
by  the  intravenous  injection  of  smaller  volumes.  No  ill-effects  of  this 
procedure  are  apparent  in  ftnimalH  allowed  to  recover  from  the  anesthetic 

HTFOTOKIC  SOLXTTIONS 

With  the  establishment  of  a  curve  of  normal  pressure  of  tite  cerebro- 
Bpinal  fluid  under  the  experimental  conditions  adopted,  intravenous 
injections  of  distilled  water  were  given.  A  prompt  and  enduring  rise 
in  the  pressure  of  the  cerebro-spinal  fluid  was  recorded  in  every  in- 
stance, even  after  the  introduction  of  relatively  small  volumes.  The 
^nimala  showed  no  respiratory  or  cardiac  diflSculties  during  or  after 
the  injection  of  this  hypotonic  solution;  recovery  from  ether  at  the  end 
of  the  experiment  was  prompt  and  no  after-effects  were  observed. 

Such  a  marked  and  enduring  rise  in  the  pressure  of  the  cerebro- 
q}inal  fluid  is  shown  in  figure  4,  following  an  intravenous  injection  of 
20  cc.  of  distilled  water.  An  abrupt  rise  in  pressure  during  the  period 
of  injection  is  recorded;  as  soon  as  the  injection  was  stopped  a  slight 
fall  occurred,  giving  an  obtuse  peak  in  the  curve.  Within  five  min- 
utes after  the  end  of  the  injection  the  pressure  of  the  fluid  had  again 
started  to  rise  and  this  upward  tendency  was  maintained  throu^out 
the  period  of  observation. 

An  increase  in  the  pressure  of  the  cerebro-spinal  fluid  is  the  typical 
response  to  the  intravenous  injection  of  a  hjrpotonic  solution  (distilled 
water).  The  initial  peak  in  the  curve  during  the  injection  seems  to  be 
partially  at  least  a  mechanical  effect  due  to  the  rapid  introduction  of 
fluid  into  the  venous  system.  It  may  be  lessened  or  avoided  by  the 
very  slow  injection  of  the  foreign  solution,  indicating  that  the  result- 
ant persisting  change  in  the  pressure  of  the  cerebro-spinal  fluid  is  not 
an  immediate  phenomenon  but  requires  a  varying  interval  of  time  for 
its  fulfilment.  This  interpretation  is  supported  by  the  curves  in  figures 
4  and  5;  in  both  of  these  animals,  especially  in  the  one  receiving  the 
nnaller  dose,  the  effect  of  the  hypotonic  solution  is  continued  and  is  at 
its  miwrimiun  at  the  end  of  the  observation.  That  in  the  intravenous 
injection    of   even  a    large  amount  of  distilled  water,    the  initial 
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peak  in  the  pressure  curve  may  be  avoided  by  giving  the 
injection  uniformly  and  gradually  over  a  con^derable  period  of  time 
(26  minutes),  is  shown  by  figure  5.    This  curve  may  be  compared 
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Fig.  4.  C&t  DO.  1303.  Pr«Mure  cerebro-apinal  fluid  with  intrftTvnoua  injection 
of  20  oe.  Bt«iile  distilled  water. 
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Fig.  6.  Cat  no.  IttS.  Presaure  cerebro-epinal  fluid  with  iatrarenouB  injection 
of  100  00.  sterile  distilled  water. 
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directly  with  figure  3,  which  represeote  the  pressure  of  the  cerebro- 
spinal fluid  after  the  intravenous  injection  of  a  similar  amount  of 
Ringer's  solution.  In  figure  5  the  rise  in  i^essure  b^ins  abruptly,  ia 
maintained  throughout  the  period  of  introduction  of  fluid  and  con- 
tinues even  after  its  ctsnpletion.  In  this  experiment  the  long  period  of 
injection  may  have  sufficed  to  include  within  it  the  time  necessary  for 
the  readjustment  of  pressure  relations,  so  that  any  fall  after  the  initial 
injection  was  avoided.  In  the  early  part  of  the  curve,  before  the  injec- 
tion of  water,  is  a  fall  due  to  ether;  but  the  pressure  was  constant  at 
130  mm.  before  the  injection  was  begun.  In  this  exi>eriment,  as  seen 
from  figure  5,  there  is  recorded  a  rise  in  the  pressure  of  the  cerebro- 
spinal fiuid  from  130  to  285  mm.  of  this  fluid. 

Theee  observations  show  definitely  that  the  intravenous  injection  of 
a  bjrpotonic  solution  (distilled  water)  causes  a  prompt  and  enduring 
rise  in  the  pressure  of  the  cerebro-spinal  fluid.  The  animals,  subjected 
to  such  injections  and  allowed  to  recover  from  the  ether,  promptly 
become  normal. 

HYPERTONIC  SOLDTIONS 

Many  experiments  dealing  with  the  effect  of  the  intravenous  injec- 
tion of  concentrated  solutions  of  the  common  sodium  salts  (chloride, 
bicarbonate  and  sulphate)  upon  the  pressure  of  the  cerebro-spinal  fiuid 
have  been  carried  on.  In  general,  this  procedure  results  in  a  temporary 
rise  in  the  pressure  of  the  fluid  followed  by  a  marked  and  enduring  fall. 

Sodium  chloride.  With  sodium  chloride  i^  30  per  cent  concentration, 
striking  results  have  been  obtained,  with  continuous  readings  of  the 
pressure  of  the  cerebro-spinal  fluid  during  a  period  of  eighty  minutes. 
All  ciures  plotted  from  data  arisii^  from  these  experiments  show  an 
abrupt  initial  rise  in  the  pressure  of  the  fluid,  usually  from  50  to  75 
mm.  This  continues  throughout  the  period  of  intravenous  injection 
though  it  frequently  forms  a  plateau  in  the  curve  in  the  latter  part  of 
the  process.  As  soon  as  the  injection  is  ctHnpleted,  the  pressure  of  the 
cerebro-spinal  fluid  starts  to  fall  and  a  rapid  lowering  is  recorded  dui^ 
ing  the  next  few  minutes.  The  rate  of  fall  then  decreases  shortly 
before  the  pressure  reaches  its  lowest  point.  The  maximum  effect  of 
the  intravenous  injection,  i.e.,  the  point  of  lowest  pressure,  is  usuiUy 
noted  in  from  fifteen  to  twenty  minutes  after  the  completion  of  the 
injection. 

Figure  6  shows  the  effect  of  a  single  intravenous  injection  of  12  cc. 
of  a  30  per  cent  solution  of  sodium  chloride  upon  the  pressure  of  the 
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cerebro-epinal  fluid.  An  initial  rise  of  80  mm.  during  the  period  of 
injectioD  is  recorded;  following  this  a  rapid  and  extreme  lowering  of 
the  pressure  occurred,  the  rate  of  fall  decreasing  only  when  the  pressure 
went  to  below  zero.  The  minimal  pressure  of  the  cerebro-spinal  fiuid 
recorded  was  minus  22  mm.,  a  point  reached  eighteen  minutes  after  the 
completion  of  the  injection.  The  pressure  then  remained  below  Eero 
for  a  period  of  twenty-sbt  minutes.  Subsequently  it  rose  slowly  to  a 
pressure  of  40  mm.  above  zero,  which  was  reached  at  the  end  of  the 
observation. 
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Fig.  6.  Cat  no.  1271.  Preuura  c«rebro4puutl  fluid  with  intraveaoue  injeotton 
of  12  cc.  30  per  cent  sodium  chloride. 

It  must  not  be  assumed  that  the  intravenous  injection  of  concen- 
trated solutions  of  sodium  chloride  inevitably  brings  about  a  lowering 
of  the  pressure  of  cd^bro-spinal  fluid  to  below  zero.  With  various 
intravenous  doses  of  this  salt,  roughly  half  of  our  experiments  gave 
readings  below  zero.  The  maximum  effect  was  obtained  in  one  cat  by 
repeated  intravenous  injections  (total  22  cc.)  of  30  per  cent  sodium 
chloride,  when  the  pressure  of  the  cerebro-spinal  fluid  was  recorded 
fte  minus  55  mm. 

In  many  other  observations,  the  result  of  such  injections  of  sodium 
chloride  was  a  marked  lowering  of  the  pressure  of  the  cerebro-spinal 
fluid  (50  mm.)  and  the  maintenance  of  this  lowered  pressure  throuf^- 
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out  the  period  of  record.  This  seems  to  be  the  phenomenon  of  chief 
physiological  importance — a  reduction  of  the  pressure  to  a  lower  leveL 
A  curre  showing  the  result  of  an  experiment  (A  this  nature  is  given  in 
figure  7.  In  ttus  case  the  pressure  dropped  abruptly  for  a  period  of 
ten  minutes  after  the  intravenous  injection;  this  lowered  pressure  was 
maintained  with  minimiil  change  for  at  least  forty  minutes. 

Sodium  bicarbonaU.  Of  the  six  cats  given  intravenous  injections  of 
saturated  solutions  of  sodium  bicarbonate  (about  18  per  cent),  only 
one  showed  a  lowering  of  the  pressure  of  the  cerebro-spinal  fluid  to 
below  zero.  This  animal  was  given  an  intravenous  injection  of  10  cc 
of  the  saturated  solution.    During  the  first  part  of  tJie  injection  the 
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Fig.  7.  Cftt  DO.  13D6.  Premure  cerebro<spinaI  fluid  with  intr&veDoiu  injectioB 
of  10  cc.  30  per  cent  eodium  chloride. 

pressure  of  the  cerebro-spinal  fluid  rose  40  mm.  6ut  before  tbe  comple- 
tion of  the  injection  a  rapid  fall  had  begun.  This  break  in  the  initial 
rise  before  the  completion  of  injection  is  recorded  in  most  of  the  curves 
with  this  salt.  The  marked  fall  continued  abruptly  in  this  case  to  12 
mm.  below  sero,  a  point  reached  in  sixteen  minutes  after  the  end  of 
the  injection.  This  pressure  remained  at  zero  or  below  for  a  period 
of  forty  minutes  and  then  slowly  started  upwards.  This  curve  is 
reproduced  in  flgure  8. 
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The  more  common  response  in  the  pressure  of  the  cerebro-spinal 
fluid  to  intravenous  injection  of  sodium  bicarbon&te  is  merely  a  lower- 
ing of  40  to  70  mm.    The  curves  show  typical  peaks  with  breaks  before 
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Fig.  S.  Cat  no.  1364.  PreBiure  cerebro-flpinal  fluid  witli  intravenous  injection 
of  10  CO.  saturated  solution  of  sodium  bicarbonate. 
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Fig.  0.  Cat  Qo.  1365.  Preeaure  cerebro-spioal  fluid  with  intraTeooiu  injection 
of  18  cc.  B&turated  eolution  of  sodium  bicarbonate. 


Dignized  3,  Google 


528  LEWIS  B.  WEED  AND  PAUL  S.  HcKJBBEN 

Uie  completion  of  the  injections.  One  of  these  typical  curves  with  a 
lowering  of  the  pressure  of  the  cerebro-spinal  fluid  of  approximately 
40  nun.  is  given  in  figure  9.  The  injection  in  this  case  was  18  cc.  of 
the  saturated  solution  of  the  bicarbonate;  the  difference  in  reaction  to 
a  smaller  dose  in  another  animal  is  shown  by  comparison  with  figure  8. 
At  the  end  of  the  period  of  observation  some  recovery  toward  the  nor- 
mal pressure  is-showu  in  figure  9. 

iSodtuffl  sulphate.  Four  experiments  with  the  intravenous  injection 
of  a  30  per  cent  solution  of  sodiimi  sulphate  were  caxried  out.  In  all 
of  these  observations  a  reduction  of  pressure  of  the  cerebro-spinal  fluid 
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Fig.  10.  Cat  no.  1356.  PreBsure  cerebro-epinal  fluid  with 
of  10  cc.  30  per  cent  sodium  sulphate. 

was  recorded,  the  fall  being  usually  50  to  80  mm.  A  typical  initial 
rise  in  the  pressure  during  the  period  of  injection  with  formation  of  a 
peak  is  shown  by  all  the  curves,  one  of  which  is  reproduced  in  ^ure  10. 
In  this  case  an  injection  of  10  cc.  of  the  30  per  cent  solution  of  sodium 
sulphate  was  given;  this  gave  an  abrupt  initial  rise  of  SO  mm.  which  was 
promptly  followed  by  a  rapid  fall  to  a  point  about  90  mm.  below  the 
pressure  at  the  beginning  of  the  experiment.  Subsequently  a  low  pres- 
sure (about  70  mm.)  was  maintained  for  thirty  minutes  with  a  gradual 
rise  but  incomplete  recovery  in  pressure.  Such  a  curve  is  typical  of 
the  series;  none  have  shown  presaurea  below  zero. 
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Glucose.  The  observations  in  the  forgoing  paragraphs  of  this  sec- 
tion  have  all  been  concerned  with  the  lowering  of  the  pressure  of  the 
cerebro-spinal  fluid  by  the  intravenous  injection  of  concentrated  solu- 
tione  of  electrolytes  (common  sodium  salts).  In  an  attempt  to  det^- 
mine  whether  all  crystalloids  possess  this  power  of  bringing  about  a 
lowering  of  the  pressure  of  the  cerebro-spinal  fluid,  four  experiments 
were  undertaken  in  which  intravenous  injections  of  a  concentrated 
solution  of  glucose  were  given.  Large  amounts  of  a  30  per  cent  solu- 
tion  were  given  and  typical  responses  were  obtained.  The  curves  all 
show  a  marked  abrupt  initial  rise  followed  quickly  by  a  fall  to  a  level 
lower  than  that  prevailing  at  the  beginning  of  the  experiment.  This 
lowering  was  not  as  marked  as  with  the  electrolytes  but  in  two  of  the 
experiments  the  resultant  level  was  60  mm.  below  the  initial  pressure. 

ToxicUy  and  dosage  ^  the  sodium  satis.  It  was  early  noticed  that  the 
intravenous  injection  of  the  concentrated  solutions  of  sodium  chloride 
was  followed  by  severe  respiratory  and  cardiac  disturbances.  It  was 
often  aecessaiy  to  alter  the  anesthetic  to  avoid  losing  the  animal.  The 
ether  was  in  these  cases  reduced  and  artificial  respiration  used,  the 
intratracheal  method  of  anesthesia  making  possible  a  nearly  ideal 
artificial  reapiration.  This  toxicity  of  the  sodium  chloride  was  appar- 
ently not  dependent  upon  the  absolute  amount  injected  but  was  fre- 
quently observed  in  the  eaihest  intervals  of  the  injection  when  only  1 
to  2  cc.  had  been  introduced.  As  soon  as  this  initial  toxicity  was  passed, 
further  injection  up  to  certain  limits  could  be  made  with  comparative 
safety  in  the  same  animal.  Such  early  disturbances  seem  best  ex- 
plained on  the  basis  of  an  alteration  in  the  balance  of  the  mineral  salt^ 
in  the  blood. 

In  addition  to  the  initiid  toxicity  of  the  sodium  chloride,  another 
factor  of  importance  in  these  experiments  was  variation  in  the  toler- 
ance of  the  individual  animal.  Some  animals,  showing  no  apparent 
disturbance  on  receiving  relatively  large  intravenous  injections,  have 
given  marked  reactions  in  the  pressure  of  the  cerebro-spinal  fluid  fol- 
lowing such  injection^.  Other  animals  under  similar  conditions  have 
exhibited  but  Uttle  reaction  as  indicated  by  a  lowering  of  the  pressure 
of  the  cerebro-apinal  fluid.  In  still  other  animals  where  the  toxic 
effects  of  the  salt  were  marked,  the  lowering  of  the  pressure  of  the 
eerebro-spinal  fluid  was  definite  and  considerable.  Thus  an  individual 
tolerance  and  reaction  for  each  particular  animal  seems  indicated,  a 
tolerance  and  reaction  which  we  have  not  been  able  to  predict  in  our 
experiments. 
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Quite  Bimilar  to  these  experiences  with  intravenous  injections  of 
sodium  chloride  were  our  findings  with  the  bicarbonate  and  sulphate. 
It  has  already  been  pointed  out  that  in  one  case  the  injection  of  10  cc.  of 
the  saturated  bicarbonate  gave  a  far  greater  fall  in  the  pressure  of  the 
cerebro-spinat  fluid  than  an  injection  of  18  cc.  of  the  same  salt  in  another, 
animal  (cf.  figs.  8  and  0).  Such  individual  variations  are  common  also 
with  the  sulphate,  althou^  the  final  toxicity  of  the  salt  used  in  our 
experiments  seems  much  greater.  Few  animftU  have  shown  any  dis- 
turbance during  the  injection  of  the  sulphate  solution  but  several  have 
died,  apparently  from  the  toxic  effect  of  the  salt,  before  the  completion 
of  the  observation. 

Following  the  intravenous  injection  of  these  concentrated  salts,  then, 
the  character  of  the  resultant  curve,  as  indicating  the  extent  of  the 
reaction  producing  the  lowerii^  of  the  presBure  of  the  cerebro-spinal 
fluid,  must  be  referred  partially  at  least  to  the  individual  tolerance  and 
reaction  of  the  animal  used  in  the  experiment.  The  definite  and 
marl^  lowering  of  the  pressure  by  the  intravenous  injection  of  con- 
centrated solutions  of  electrolytes  is  shown  in  all  the  curves,  but  the 
d^ree  of  reaction  seons  dependent,  to  8<Hne  extent  at  least,  on  the 
individual  animal.  All  of  these  animals,  if  allowed  to  recover  from  the 
ether,  seem  slow  tad  quiet  for  a  few  hours;  within  twelve  hours  th^ 
beccone  normal  in  every  way. 

DISCUSSION 

In  a  forgoing  part  of  this  paper  the  results  of  the  reading  of  the 
pressure  of  the  cerebro-spinal  fluid  in  sixty-five  cats  have  been  set 
forth.  The  average  of  the  initial  readings  in  these  cases  was  119  mm. 
but  it  was  pointed  out  that  if  readings  were  taken  a  few  minutes  later, 
a  higher  value  (129  mm.)  was  obtained.  This  higher  value,  as  has 
already  been  indicated,  is  probably  to  be  accounted  for  by  replace- 
ment of  fluid  which  follows  the  dislocation  and  loss  due  to  the  mechan- 
ical arrangement  of  the  experiments.  It  seems  reasonable  to  assume 
then,  that,  after  sufficient  time  has  elapsed  to  allow  replacement  of 
fluid  which  occurs  after  the  puncture  and  connection  of  the  manom- 
eter, we  are  dealing  with  a  pressure  of  the  cerebro-spmal  fluid  which 
is  truer  normal  than  would  be  obtained  by  readings  taken  immediately 
after  puncture. 

There  are  available  in  the  literature  records  of  observations  on  the 
pressure  of  the  cerebro-spinal  fluid  which  have  been  mode  on  dogs 
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under  varioua  aneathetii^  and  by  various  methods.  So  far  as  is  kaown 
to  us,  no  observations  of  thia  sort  have  been  made  on  cats.  In  gen- 
era], our  readily  oa  cste  agree  fairly  well  with  those  recorded  for  dogs. 
Tbey  are  somewhat  lower  than  those  given  by  Key  and  Betzius  (5) 
(162  to  216  mm.  of  water  in  inspiration;  216  to  270  mm.  of  water  in 
expiration — dogs  tmder  ether) ;  higher  than  Bei^mann's  first  observa- 
tions (6)  (80  mm.  of  water,  narcotiEed  dogs)  but  agreeing  fairly  well  with 
his  later  findings  (7)  (120  to  160  mm.  salt  solution,  narcotized  dogs). 
They  coincide  fairly  accurately  with  the  records  of  the  work  of  Falken- 
heim  and  Naunyn  (8)  (100  to  150  mm.  of  water,  dogs  curarized),  and 
while  the  conditions  in  Leyden's  experiments  (0)  are  not  comparable 
with  those  prevailing  in  ours,  his  results  (80  to  150  mm.  of  water,  100 
to  120  mm.  of  water,  dogs  under  morphia)  seem  well  in  accord  with 
OUTS.  It  is  felt  that  the  method  of  intratracheal  anesthesia  and  the 
direct  readings  of  the  pressures  in  the  manometer  as  practiced  in  our 
experiments  give  a  better  index  of  the  normal  than  was  obtained  by 
Dixon  and  HaUiburton  using  a  graphic  method  and  morphine-urethane 
anesthesia.  Dixon  and  Halliburton  (10)  give  a  rough  average  of 
40  to  70  mm.  of  salt  solution  as  the  normal  pressure  of  the  cerebro- 
spinal fluid  in  the  d(%,  but  the  extreme  variations  which  they  record 
have  not  been  noted  in  our  observations  on  control  animals.  Thus 
they  record  as  typical  variations  of  the  normal  pressure  of  the  cerebro- 
spinal fluid  in  the  dog,  the  following  values  read  at  five-minute  inter- 
vals: 95-25-30-35-55-25-80-65-65-75-70-60-55-50- 
80-90  mm.  of  10  per  cent  sodium  citrate  solution.  Compared  to  the 
curve  reproduced  in  figure  2,  in  which  the  respiratory  and  cardiac 
excursions  were  well  marked  throughout,  these  variations  recorded  by 
Dixon  and  HaUiburton  seem  extreme. 

The  logical  physiological  explanation  of  the  alterations  in  the  pres- 
sure of  the  cerebro-spinal  fluid  following  the  injection  of  hypertonic 
and  hypotonic  solutions,  seems  naturally  to  be  concerned  with  the 
experimental  change  in  the  osmotic  value  of  the  blood.  Thus  an 
increase  in  the  concentration  of  the  fluids  injected  resulted  in  a  fall  in 
the  pressure  of  the  cerebro-spinal  fluid  while  the  injection  of  a  hypo- 
tonic solution  gave  an  enduring  rise.  Data  regarding  the  relative  or 
absolute  osmotic  values  of  the  blood  have  not  been  obtained.  It  would 
appear  that  the  alteration  in  the  salt  content  of  the  blood  produced 
experimentally  can  only  be  compensated  by  fluid  readjustments 
within  the  tissues,  for  renal  function  is  more  or  less  impaired  by  the 
anesthesia.    The  individual  reaction  of  the  animal  noted  above  may 
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therefore  be  rderred  to  variation  in  the  fluid  interchai^e  between 
blood  and  tissue,  so  that  alterations  in  the  pressure  of  the  cerebro- 
spinal fluid  following  intravenous  injections  of  hypertonic  and  hypo- 
tonic solutions  seem  dependent  on  the  osmotic  readjustments  within 
the  tissues. 

A  number  of  observations  have  been  made  on  the  pressure  of  the 
cerebro-spinal  fluid  with  simultaneous  record  of  the  arterial  blood  pres- 
sure, heart-rate  and  venous  pressures.  Fiu*ther  experiments  of  this 
kind  are  under  way  and  will  form  the  basis  of  a  futiure  report. 


1.  The  pressure  of  the  cerebro-spinal  fluid  in  the  etherized  cats  haa 
been  found  to  average  119  mm.  of  this  fluid,  if  read  immediately  after 
the  connection  of  the  manometer  with  a  needle  in  the  subarachnoid 
space;  but  this  pressure,  if  read  some  minutes  later,  is  somewhat  higher, 
giving  an  average  of  129  mm.,  this  rise  being  due,  partially  at  least,  to 
the  replacement  of  cerebro-spinal  Suid  displaced  in  the  manometer  or 
lost  during  its  connection. 

2.  Intravenous  injections  of  Ringer's  solution  cause  no  lasting  change 
in  the  pressure  of  the  cerebro-spinal  fluid. 

3.  Intravenous  injections  of  hypotonic  solutions  (distilled  water)  are 
followed  by  a  marked  and  sustained  rise  in  the  pressure  of  the  cerebro- 
spinal fluid. 

4.  Intravenous  injections  of  hypertonic  solutions  (concentrated 
sodium  chloride,  sodium  bicarbonate,  sodium  sulphate  and  glucose) 
cause  initial  rise  in  the  pressure  of  the  cerebTO-spinal  fluid  followed 
immediately  by  marked  fall  in  this  pressure,  often  to  below  zero. 
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In  the  early  stages  of  an  invest^tioD  of  the  factors  underlying  the 
swelling  (edema)  of  the  brain  in  acute  infections  or  injuries,  attention 
was  directed  to  the  possible  relationship  between  the  volume  of  the 
brain  and  the  alteration  in  the  pressure  of  the  cerebro-spinal  fluid,  fol- 
lowing intravenous  injections  of  solutions  of  various  concentrations  (1). 
For  in  the  study  of  cerebral  edema,  but  little  progress  has  in  the  past 
been  made  on  account  of  the  difficulty  of  experimental  approach.  This 
condition  remains  today  one  of  the  great  problems  in  pathol<^y  of  the 
central  nervous  system. 

The  marked  changes  in  the  pressure  of  the  cerebro-spinal  fluid, 
reported  is  the  foregoing  paper,  were  quickly  found  to  have  a  definite 
relation  to  the  resultant  volume  of  the  brain.  Thus,  following  intra- 
venous injections  of  strongly  hypertonic  solutions  which  markedly 
lowered  the  pressure  of  the  cerebro-spinal  fluid,  definite  shrinking  of  the 
brain  occurred.  And  conversely  the  brain  bulk  was  appreciably 
increased  by  the  intravenous  injection  of  hypotonic  solutions,  which 
raised  the  pressure  of  the  cerebro-spinal  fluid.  Such  changes  in  the 
size  of  the  brain  are  rapidly  and  uniformly  brought  about,  giving 
definite  information  as  to  one  phase  of  the  physiological  regulation  of 
the  volume  of  this  organ. 

UETHODS 

Cats  were  used  entirely  in  this  work.  Intravenous  injections  of  the 
various  solutions  were  given  with  a  syringe  or  with  a  burette  connected 
directly  with  a  fore-leg  vein.  For  the  hypertonic  solutions,  30  per  cent 
sodium  chloride  or  saturated  sodium  bicarbonate  in  distilled  water  were 
given,  as  previous  work  had  demonstrated  their  efficacy  in  lowerii^  the 
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pressure  of  the  cerebro-spiiml  fluid.  Ringer's  solution  (NaCl,  0.9  per 
cent;  KCl,  0.042  per  cent;  CaClj,  0.025  per  cent)  waa  injected  intra- 
venously to  give  data  regarding  the  possible  alteration  in  the  circula- 
tion and  in  the  volume  of  the  brain  broi^ht  about  by  the  introduction 
of  an  increased  volume  of  fluid,  while  distilled  water  was  used  as  the 
hypotonic  solution.  Cats  which  had  been  given  the  custtanary  intra- 
venous injections  of  these  solutions  and  then  allowed  to  recover  from 
the  anesthetic,  were  usually  a  little  slow  for  six  hoiu-s  but  became  nor- 
mal and  active  within  twelve  hours.  For  the  most  part  the  observa- 
tions were  carried  out  on  cats  with  unopened  skulls,  but  in  two  series, 
subtemporal  trephine  openings  were  made,  not  only  to  relieve  the 
intracranial  tension  but  also  to  permit  direct  obeervat'on  of  the  "brsia. 

All  animals  used  in  these  observations  were  anesthetized  with  ether, 
usually  by  intratracheal  insufflation  but  in  the  earlier  experiments  by 
cone.  The  body  temperature  of  the  animals  was  maintained  through- 
out. After  the  lapse  of  time  necessary  for  the  maximum  action  of  the 
solution  intravenously  introduced,  the  animals -were  killed  by  ether. 
In  the  routine  experiment,  10  per  cent  formalin  was  injected,  imme- 
diately after  death,  through  the  aorta  at  a  pressure  of  not  more  than 
800  mm,  o'  water.  When  the  cranial  vessels  were  well  filled,  the 
central  nervous  system  was  removed  (the  skuU  and  vertebral  canal 
being  partially  opened)  and  the  whole  immersed  in  10  per  cent  for^ 
malin.  In  spite  of  all  the  care  it  was  possible  to  exercise,  it  was  soon 
very  evident  that  by  this  method  of  fixation,  the  form  and  sise  relations 
of  the  central  nervous  system  prevailing  prior  to  the  death  of  the  ani- 
mal were  not  being  accurately  preserved.  Brains  markedly  shrunken 
during  life  or  at  death  of  the  animal  approached  almost  normal  pro- 
portions after  such  fixation,  and  brains  markedly  herniated  at  death 
often  subsided  perceptibly  during  preservation.  The  brains  of  other 
animals  were  fixed  by  direct  immersion  in  formalin;  the  results  of  this 
method  were  similar  in  regard  to  alteration  in  volume.  The  addition 
of  a  suitable  amount  of  sodium  chloride  to  the  formalin  solution  did 
not  prevent  these  changes  in  brain  bulk  durii^  preservation  and  was  as 
imsatisfactory  as  other  solutions. 

Although  the  method  of  fixation  used  is  inadequate,  stOl  it  enables 
one  to  make  general  comparisons  of  the  brains  after  various  intra- 
venous injections,  even  though  it  does  not  preserve  the  volume  rela^ 
tions  accurately.  It  is  hoped  there  will  be  found  a  means  of  flxation 
which  will  preserve  more  exactly  the  form  and  size  relations  and  at 
the  same  time  make  possible  a  study  of  the  histol<^y  and  cytology  of 
these  brains  with  reasonable  confidence. 
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EXPERUtENTS  WITH  CNOPBNBD  SKITLL 

The  majority  of  these  experimeDts  were  carried  out  on  animals 
without  openiiig  of  the  skull.  Some  of  this  aeriee,  however,  were  uaed 
for  deteiminatione  of  the  pressure  of  the  cerebro-spinsl  fluid;  in  these 
the  subarachnoid  space  was  entered  by  a  needle  through  the  occipito- 
atlantoid  ligament  for  connection  with  a  manometer.  In  this  limited 
maimer  the  pressure  relations  within  the  cranium  may  be  considered 
to  have  been  altered ;  other  anirnftis  of  this  series  were  carried  through 
with  intact  cranial  cavities. 

Norrncd.  Under  this  heading  it  is  purposed  to  discuss  the  normal 
bulk  of  brains  as  foimd  in  cats  killed  without  experimentation,  and  in 
those  given  Ringer's  solution  in  such  amounts  as  to  control  the  volume 
of  the  other  intravenous  injections.  The  intravenous  injections  of 
Ringer's  solution  in  these  quantities  did  not  alter  the  volume  or  appear- 
ance of  the  brain,  so  that,  as  far  as  our  observationa  go,  the  brains  of 
these  animals  are  to  be  classed  as  normal. 

When  removed  from  the  skull  after  routine  fixation  with  formalin, 
the  normal  brain  surrounded  by  unopened  dura  presents  in  the  cat 
typical  appearances.  The  dura  over  the  convexities  is  only  fairly  well 
filled  out  and  is  imder  no  appreciable  tension,  faUing  slightly  between 
the  adjacent  gyri.  On  looking  through  the  dura,  a  definite  rounding 
of  the  convolutions  and  the  fairly  well-defined  edges  of  the  sulci  are 
apparent.  On  transverse  section  of  the  normal  brain  (fig.  3),  differen- 
tiation between  gray  and  white  matter  is  obvious.  At  the  periphery 
of  the  section,  the  dura  is  seen  to  fall  slightly  between  adjacent  gyri. 
The  surfaces  of  the  gyri  present  smoothly-roimded  curves,  dipping  into 
well-defined  sulci  of  appreciable  width.  The  median  longitudinal  fis- 
sure is  clear  cut  and  the  adjacent  gyri  definitely  separated.  A  line 
formed  by  the  arachnoid  membrane  can  be  made  out,  bridging  the 
larger  sulci.  Quite  similar  appearances  are  presented  by  the  brains  of 
animals  receiving  intravenous  injections  of  Ringer's  solution  (fig.  4). 

Examination  of  a  large  series  of  cats'  brains  fixed  under  similar  con- 
ditions has  shown  that  considerable  individual  variation  exists.  In 
brains  of  old  animals,  the  gyri  appear  more  rounded  and  the  sulci 
deeper  than  In  the  younger  cats.  The  dura  in  such  older  animals 
seems  looser  and  denser,  su^esting  the  various  phenomena  of  old  age 
exhibited  by  the  brain  in  man.  In  very  young  cats  and  kittens,  there 
seems  to  be  a  tendency  toward  swelling  following  formalin  fixation. 
These  individual  variations,  according  to  age,  must  be  constantly 


oy  Google 


534  LEWIS  H,  WEED  AND  PAUL  S.  HCKIBBEN 

borne  in  mind  while  interpreting  the  results  of  the  experimental  modi- 
fication of  the  volume  of  the  brain. 

Hypotonic  solutions.  The  intravenous  injection  of  water,  which  has 
been  found  to  produce  a  definite  increase  in  the  pressure  of  the  cerebro- 
spmal  fluid,  causes  also  a  frank  swelling  of  the  substance  of  the  brain. 
Amounts  varying  from  20  cc.  to  100  cc.  were  injected  intravenously; 
the  degree  of  the  reaction  was  apparently  not  dependent  upon  the 
absolute  quantity  of  water  injected,  for  the  maximum  effect  observed 
occurred  in  a  cat  receiving  only  20  cc.  of  water  intravenously.  Figure 
1  gives  the  gross  appearance  of  the  formalinized  brain  of  a  cat  which 
had  been  subjected  to  an  intravenous  injection  of  35  cc.  of  distilled 
water,  and  sacrificed  thirty-five  minutes  after  completion  of  injection. 
The  dura  over  the  cerebral  hemispheres  is  markedly  tense  as  in  all 
others  similarly  treated.  The  convolutions  appear  flattened  when 
viewed  through  the  dura  and  the  sulci  are  traced  with  greater  difficulty 
than  in  the  normal.  On  passing  the  firmer  over  the  dura  covering  the 
upper  surface  of  the  brain,  one  receives  an  impression  of  marked  tense- 
ness of  dura  and  brain,  and  recognizes  the  gyri  and  intervening  sulci 
with  difficulty. 

On  section,  such  brains  (figs.  5  and  7)  exhibit  the  same  tenseness  of 
dura  previously  noted.  The  normal  differentiation  between  the  gray 
and  white  matter  has  been  diminished  (figs.  3,  5  or  7).  The  convolu- 
tions appear  definitely  flattened,  adjacent  gyri  being  pushed  together 
so  as  to  make  the  identification  of  the  intervening  sulci  difiScult.  This 
is  particularly  true  of  the  smaller  sulci.  The  surfaces  of  the  gyri  are 
no  longer  gently  convex  but  acute  angles  in  the  curve  are  found  where 
the  surface  dips  into  the  sulci.  The  superior  longitudinal  fissure  is 
narrow  and  the  bounding  gyri  press  tightly  against  the  falx.  The  cut 
surface  of  the  brain  appears  definitely  tuigid  and  gives  the  impression 
of  having  been  subjected  to  increased  tension. 

An  increase  in  the  volume  of  the  brain  following  the  intravenous 
injection  of  water  is  therefore  definite,  marked  and  readily  apparent. 

Hypertonic  solutions.  The  intravenous  injection  of  strongly  hyper- 
tonic solutions,  which  has  been  found  to  cause  a  profound  lowering  of 
the  pressure  of  the  cerebro-spinal  fluid,  has  been  observed  to  produce 
also  a  decrease  in  the  bulk  of  the  brain.  This  alteration  in  the  volume 
of  the  brain  has  been  brought  about  by  intravenous  injections  of  from 
8  cc.  to  20  cc.  of  30  per  cent  sodium  chloride  or  saturated  sodium  bicar- 
bonate. As  reported  elsewhere  under  the  subject  of  alterations  in  the 
cerebro-spinal  fluid  pressure,  a  marked  individual  variation  in  reaction 
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to  hypertonic  solutions  has  been  found  to  exist.  The  dose  bringing 
about  the  maximal  cerebral  shrinkage  varied,  but  in  general  the  larger 
doses,  approaching  the  limit  of  the  animal'a  tolerance,  seemed  to  cause 
the  most  marked  effect.  Some  of  the  cats  were  given  single  injectione 
of  as  much  of  the  hypertonic  solution  as  they  seemed  able  to  stand  at 
one  administration.  Other  animfilfi  were  given  a  series  of  5  oc.  doses' 
of  30  per  cent  sodium  chloride  at  half-hour  intervals,  until  a  total  of 
20  cc.  was  injected.  The  animals,  except  when  given  the  divided  doses 
at  half-hour  intervals,  were  kept  under  ether  anesthesia  until  sacrificed. 

The  time  necessary  for  the  maximum  acti<m  of.  the  fluid  injected 
could  not  be  determined  accurately  for  the  cats  with  unopened  skulls. 
Assuming  however,  that  the  maximum  lowering  of  the  pressure  of  the 
cerebro-spinal  fluid  after  such  an  injection  coincides  with  the  maximal 
diminution  of  brain-volume,  it  is  probable  that  an  interval  of  fifteen  to> 
twenty  minutes  suffices  for  the  maximum  change.  Within  certain 
limitSi  these  observations  substantiate  this  assumption,  namely  that 
the  amoimt  of  fall  in  pressure  of  the  cerebro-«pinal  fluid  is  an  index  of 
the  extent  to  which  the  volume  of  the  brain  has  been  reduced. 

The  brain  of  a  cat  after  the  intravenous  injection  of  a  stroi^y  hyper- 
tonic solution  shows,  on  routine  formalin  fixation,  a  marked  decrease 
in  volume.  As  seen  through  the  dura  (fig.  2),  which  is  very  loosely 
applied,  the  brain  seems  comparatively  small,  occupying  only  a  part  of 
the  intradural  space.  The  gyri  appear  markedly  rounded  and  the  sulci 
wide  and  deep,  so  that  individual  convolutions  appear  throughout  their 
extent.  In  the  medulla  oblongata  and  spinal  cord  there  is  also  evi- 
dence of  marked  decrease  in  size.  The  dura  here  is  very  much  more 
loosely  applied  than  in  the  normal  and  the  markings  of  the  medulla 
oblongata  and  spinal  cord  seem  sharp  and  accentuated.  The  general 
impression  received  from  such  an  uncut  brain  is  that  it  is  quite  small  in 
comparison  to  the  dural  sac. 

When  cut  transversely,  the  brain  from  a  cat  subjected  to  this  experi- 
mental procedure  presents  an  appearance  quite  different  from  the 
normal.  The  gray  and  white  matter  are  far  more  sharply  contrasted. 
Furthermore,  the  gray  matter,  particularly  that  of  the  Calamus  and 
corpus  striatum,  appears  dark  with  a  brownish  tinge,  clearly  outlining 
the  nuclei  from  the  adjacent  white  fibers.  This  phenomenon  has  been 
noted  quite  uniformly  in  this  series.  On  such  a  section,  the  dura  is 
very  loosely  applied  (fig.  6),  touching  on  the  dorsal  surface  only  the 
highest  points  of  the  gyri.  Each  individual  gyrus  stands  out  cleanly 
separated   from  adjacent  gyri  by  widely  opened   sulci.     The  curve 
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presented  by  the  upper  surface  of  each  gyrus  is  of  smaller  radius  than 
the  normal,  and  may  be  followed  deeply  into  each  sulcus.  The  superior 
loi^tudinal  fissure  gapes  widely  and  the  fabc  seems  to  hang  loosely 
within  this  space. 

Similar  shrunken  brains  have  been  obtained  by  the  intravenous 
injection  of  saturated  solutions  of  sodium  bicarbonate.  A  section  of 
such  a  brain  is  shown  in  figure  8,  which  presents  in  general  the  char- 
acteristic features  noted  above.  The  decrease  in  volimie  is,  however, 
not  BO  striking  as  in  the  brain  reproduced  in  figure  6. 

It  was  thought  possible  that  the  action  of  these  hypertonic  solutions 
might  be  enhanced  by  depriving  such  animals  of  all  fluid  for  a  sufficient 
length  of  time  before  experimentation  to  insure  the  exhaustion  of  a 
considerable  quantity  of  the  water  available  in  the  body.  Two  aeriea 
of  animals  were  thus  prepared  and  injected  with  30  per  cent  sodium 
chloride  in  5  cc.  doses  at  one-half  hour  intervals.  While  the  cats 
receiving  four  5  cc.  doses  showed  the  effects  of  the  injection  in  a  ver? 
marked  way  (gross  clonus  of  whole  body,  mild  mania,  etc.),  the  brains 
failed  to  show  any  more,  if  as  much  shrinkage  as  is  shown  by  the  brains 
of  animuli;  Bot  denied  water.  These  observations  indicate  that  depri- 
vation of  water  for  twenty-four  hours  in  the  cat  is  not  sufficient  to  alter 
the  fluid-volume  of  the  body  tissues  available  for  reaction  with  hyper- 
tonic solutions. 

In  the  unopened  skull,  then,  a  definite  decrease  in  the  bulk  of  the 
brain  may  be  brought  about  Iq'  intravenous  injection  of  strongly 
hypertonic  solutions. 

The  supply  of  a  foreign  solution  to  atAaraeknoid  space.  At  the  end  of 
a  numb«v  of  the  experiments  in  which  an  intravenous  injection  of 
hypertonic  sodium  chloride  was  given,  a  mixture  of  sodium  ferrocyanide 
and  iron-ammonium  citrate  was  allowed  to  flow  into  the  subarachnoid 
space.  This  was  done  at  a  time  when  the  pressure  of  the  cerebro- 
spinal fluid  was  about  zero  or  falling  rapidly.  Two  or  three  cubic 
centimeters  were  usually  so  introduced.  At  the  end  of  the  experiment 
the  animal  was  injected  through  the  aorta  with  10  per  cent  formalin, 
to  which  5  per  cent  hydrochloric  acid  had  been  added,  and  when  the 
vessels  were  well  filled  the  central  nervous  system  was  quickly  removed 
and  immersed  in  the  acid  formaldehyde.  By  this  procedure,  Prussian 
blue  was  precipitated  at  the  points  to  which  the  solutions  of  sodium 
ferrocyanide  and  iron-ammonium  citrate  had  penetrated  prior  to  fixa- 
tion. The  Prussian  blue  in  ahnost  every  case  was  found  to  have  passed 
from  the  subarachnoid  space  along  the  perivasculars  into  the  substance 
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of  the  nervous  system,  reaching  the  interfibrous  spaces  in  the  white 
matter  and  the  pericellular  spaces  in  the  gray.  These  obeervationa 
may  be  interpreted  as  indicating  that  the  hypertonic  solution  of  sodium 
chloride,  injected  intravenously,  had  caused  the  dislocation  of  a  con- 
siderate quantity  of  ^e  cerebro-epinal  fluid  into  the  nervous  system. 

EXPEEIKBNT8  WITH  THE   OPENED   BKtTLL 

The  experiments  dealing  with  the  alteration  of  brain  bulk  by  intra- 
venous injection  of  solutions  (tf  varjring  concentrations  were,  in  the 
esriier  part  of  this  investigation,  carried  out  with  the  unopened  cranial 
eavi^,  in  which  a  fairly  constant  fluid  volume  was  necessarily  main- 
tained. Even  with  such  limitation  to  change  in  the  volume  of  the 
brain,  these  solutions  of  various  tonicities  caused  marked  modification 
in  its  size.  It  was  therefore  thought  desirable  to  cany  out  similar 
observations  but  with  opening  of  the  skull  to  permit  expansion  or  con- 
traction of  the  brain — changes  impossible  under  the  physical  conditions 
imposed  by  the  closed  cranium.  The  rate  of  reaction  to  the  intra- 
venous injection  and  the  appearance  of  the  brain  throughout  the  exper- 
iment could  also,  imder  these  conditions,  be  determined  by  direct 
observation. 

The  opening  of  the  skull  was  accomplished  in  the  subtemporal  r^on. 
In  the  etherized  animal,  through  a  midline  incision,  the  temporal 
muscle  on  one  side  was  freed  from  its  origin,  and  a  trephine  opening  of 
2  cm.  made  in  the  skull  beneath  the  muscle.  The  upper  border  of  this 
opening  came  within  3  mm.  of  the  mid-sagittal  line  of  the  skull.  In 
another  series  bilateral  subtemporal  decompression  openings  were 
made.  In  every  case  the  dura  was  freely  opened  by  cruciate  incisions. 
Injury  to  the  underlying  arachnoid  and  brain  was  carefully  avoided. 

Normal.  Control  experiments  with  single  and  bilateral  decompres- 
sions were  carried  out.  Following  the  opening  of  the  skull,  the  animal 
was  kept  under  ether  until  sacrificed  at  the  expiration  of  about  the  same 
length  of  time  as  was  consumed  in  the  experiments  where  intravenous 
injections  were  given.  In  these  control  animals  under  such  conditions 
the  brain  lay  slightly  convex  beneath  the  trephine  opening,  pulsating 
freely,  and  did  not  change  perceptibly  in  any  way  during  the  period  of 
observation.  The  dural  flaps  were  allowed  to  lie  loosely  on  the  exposed 
surface  of  the  brain  and  throughout  the  experiment  the  edges  of  these 
flaps  were  separated  from  1  to  2  mm.  in  the  center  of  the  trephine 
opening.    At  the  end  of  these  observations  the  animals  were  sacrificed 
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with  ether  and  the  brains  immediately  preserved  in  10  per  cent  for- 
malin. On  section,  these  brains  appear  quite  normal  with  evidence  of 
Blight  dislocation  of  brain  substance  toward  the  site  of  the  trephine 
openings.  Figure  13  shows  a  section  of  such  a  brain  which  was  relieved 
by  a  single  0[>ening  in  the  skull  and  dura;  figure  16  represents  the  con- 
dition prevailing  after  a  bilateral  subtempond  decompression.  It  may 
be  concluded,  then,  that  under  the  conditions  of  experimentation  the 
voliune  of  the  brain  has  been  but  little  changed  by  the  anesthesia  and 
operative  procedures  employed. 

Further  control  of  the  observations  of  brain  bulk,  followiog  intra- 
venous injection  of  solutions  of  various  concentrations,  is  afiForded  by- 
several  experiments  in  which  Ringer's  solution  was  injected  intra- 
venously after  single  or  bilateral  openings  had  been  made  in  the  skull 
and  dura.  The  injection  of  Ringer's  solution  was  from  a  burette,  and 
the  rate  of  fluid-introduction  was  r^pilated  to  coincide  with  that  used 
in  the  injection  of  similar  amounts  of  hypotonic  solutions.  I>uriDg 
and  after  the  injection  of  Ringer's  solution,  in  amounts  up  to  100  cc., 
the  brain  lay  slightly  convex  in  the  trephine  openings,  pulsating  freely, 
and  showed  no  evidence  that  it  had  been  affected  in  volume  by  the 
intravenous  injection.  The  appearance  of  the  cortex  viewed  through 
the  trephine  opening  was  exactly  that  of  the  brain  of  an  animal  receiv- 
ing no  intravenous  injection,  but  subjected  to  the  other  operative  pro- 
cedures. In  figure  10  is  shown  the  result  (after  fixation  in  formaUn)  of 
an  experiment  in  which  a  single  opening  was  made  in  the  skull  and  100 
cc.  of  Kilmer's  solution  injected  intravenously.  As  pointed  out  pre- 
viously, we  have  been  unable  with  our  present  methods  to  preserve,  by 
fixation  in  formaldehyde,  the  form  and  size  relations  prevailing  in  the 
brain  at  the  end  of  experimentation.  This  figure  shows  a  slightly  more 
marked  bulging  of  the  brain  in  the  trephine  opening  than  was  present 
at  the  end  of  the  ex[>eriment.  In  spite  of  this  slight  swelling  due  to 
fixation  it  presents  a  fairly  normal  appearance,  particularly  when  com- 
pared with  more  swollen  or  shrunken  brains  as  shown  in  figures  9  and 
11.  In  this  and  in  all  of  our  observations  in  which  Ringer's  solution  was 
injected,  the  anesthesia,  the  operative  procediu'es,  the  time  consumed 
by  the  intravenous  injection  and  the  interval  of  time  from  the  end  of  the 
injection  to  the  sacrifice  of  the  animal,  were  similar  to  those  in  the 
experiments  in  which  solutions  of  various  concentration  were  injected. 

It  may  be  concluded,  then,  that  in  etherized  animals  with  the  sknll 
opened,  the  mtra venous  injection  of  Ringer's  solution  in  amounts  up 
to  100  cc.  causes  no  appreciable  change  in  the  volume  of  the  brain.    The 
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protocol  of  a  typical  experiment  in  which  there  was  a  bilateral  opening 
of  the  skull  and  the  intravenous  injection  of  100  cc.  of  Ringer's  solu- 
tion, is  given  below: 

No.  1597.  Adult  male  cat.    Weight  iSOO  grams.    Control  intravenota  Ringer. 

9.46  a.m.    Ether  with  intratracheal  tube. 
10.15  a.m.    Double  subtemporal  decora preBsioa.    Dura  opened.    Brain  lies  with 

normal  convexity,  pulsation  and  circulation  good. 
10.20  a.m.    Cannula   in  vein  of  fore-leg  connected  with  burette  containing 

Ringer'A  solution. 
10.25  a.m.    Injection  begun.    Brain  aa  before. 
10.33  B.m.    25  cc.  in.    Brain  as  before. 
10.3S  a.m.    50  cc.  in.    Brain  sightly  more  convex. 
10.45  a.m.    00  co.  in.    Brain  aa  before. 
10,50  a.m.    100  cc.  in.    Brain  normally  convex,  shows  no  bulging.    Pulsation 

free,  circulation  good.  Injection  stopped. 
11,10  a.m.  Brain  lies  normal  as  before.  Pulsation  free, 
11.20  a.m.    Brain  lies  normal  as  before.    Ether  to  death.    Immediately  injected 

with  10  per  cent  formaldehyde  until  vessels  well  filled,  then  head 

out  oS  and  immersed  in  same  solution.    Original  relations  fairly 

well  preserved  after  fixation. 

With  the  control  afforded  by  these  experimente  in  which  the  skull 
was  opened  and  in  which  there  was  no  intravenous  injection,  or  else 
the  introduction  of  Ringer's  solution,  an  interpretation  of  the  results 
of  the  intravenous  injection  of  hypotonic  and  hypertonic  solutions  may 
be  safely  attempted, 

Waier.  A  number  of  observations  on  cats  with  single  and  bilateral 
openings  of  the  skull  have  been  made,  during  and  following  the  intra- 
venous injection  of  sterile  distilled  water  which,  as  noted  in  a  previous 
section  of  this  paper,  has  been  shown  to  bring  about  an  increase  in  the 
volume  of  the  brain  in  the  unopened  skull.  The  conditions  prevailing 
in  these  experiments  were  similar  to  those  maintained  during  the  injec- 
tion of  Ringer's  solution.  In  all  these  animals  the  brain,  which  lay 
normally  convex  in  the  trephioe  openings,  began  to  protrude  very  soon 
after  the  intravenous  injection  of  distilled  water  was  started.  This 
bulging  increased  throughout  the  period  of  injection  and  reached  its 
maxunum  usually  in  from  ten  to  twenty  minutes  after  the  completion 
of  the  introduction  of  water.  Tense  hemiae  of  the  brain  through  the 
trephine  openings  were  thus  produced.  The  tension  was  in  all  cases 
so  great  that  cerebral  pulsation  ceased  before  the  swelling  reached  its 
maximum.  The  pressure  of  the  brain  on  the  dura  at  the  edges  of  the 
trephine  openings  was  usually  marked  enough  to  stop  the  circulation  in 


oy  Google 


540  LEWIS   H.   WEED   AND    PAUL   S.   UCKtBBBN 

the  dural  fiaps.  These  triangular  flaps  were  stretched,  pulled  and  rolled 
back  into  the  interval  between  the  hernia  and  the  cut  edge  of  the  tre- 
phine opening.  F^ure  9  shows  the  result  of  such  an  experiment  and 
presents  fairly  well  the  appearance  of  the  cerebral  hernia  before  the 
sacrifice  of  the  animal,  although  fixation  in  formaldehyde  at  death  of 
the  animal  caused  some  subsidence  of  the  hernia.  When  observed  just 
before  the  death  of  the  cat,  usually  thirty  minutes  aStei  the  completion 
of  the  injection  of  water,  the  brain  protruded,  in  most  of  our  experi- 
ments, at  least  4  mm.  beyond  the  outer  table  of  the  skull;  in  one  animal 
which  gave  a  very  marked  reaction,  the  height  of  the  hernia  at  the 
end  of  the  obaervation  was  8  mm. 

The  protocol  of  an  experiment  in  which  there  was  a  bilateral  opening 
of  the  skull  and  the  intravenous  injection  of  100  cc.  of  sterile  distilled 
water,  is  given  below : 

No.  1530.  Adult  feaude  eat.    WngU  >,430  grami.    IntraMnoM  voter 
3.60  p.m.    Ether  with  iDtratrftche&l  tube. 
4.00  p.m.    Double  BUbtemporal  decompTefluan. 
4.1fi  p.m.    Dura  opened.    Br&in  lies  with  normal  eonvcKlty,  puluting  freely. 

No  trauma  to  brain  or  membranes. 
4.18  p.m.    Cannula  in  vein  of  fore-leg  connected  with  burette  oontaining  sterile 

dietilled  water. 
4.1B  p.m.    Injection  begun.    Brain   bulges   immediately  after  beginning    of 

injection. 
4.2S  p.ra.    Brain  bulges  more. 

4.31  p.m.  SO  cc.  in.  Brain  bulges  markedly  with  puleation;  circulation  good. 
4.35  p.m.    75  cc.  in.    Brain  bulges  markedly.    Pulsation  slight,  circulation 

good. 
4.4Sp.m.    100  cc.  in.    Injection  stopped.    Brain  in  tense  hernia.    Pulsation 

slight  on  left  side.    No  pulsation  on  right  side. 
S.OO  p.m.    Brain  markedly  herniated.    No  pulsation  on  either  side. 

6.15  p.m.    Brain  in  tense  hernia  on  both  sides — stops  circulation  in  dural  flaps, 

6.16  p.m.    Ether  to  death.    Immediately  injected  through  the  heart  with  10 

per  cent  formalin  and  when  vesseta  filled,  head  cut  ofF  and  im- 
mersed in  same  solution.  After  immersion  hernia  remains  about 
as  before.  Convolutions  slightlymore  rounded  and  whole  hernia 
slightly  flatter. 

On  section,  these  brains  present  the  appearance  seen  in  figure  12 
(after  single  decompression)  and  in  figure  15  (after  bilateral  opening  of 
the  skull).  A  considerable  dislocation  of  brain  substance  is  apparent 
with  some  Battening  of  the  gyri  and  narrowing  of  the  sulci;  but  the 
general  impression  gained  from  an  examination  of  these  sections  is 
different  from  that  resulting  from  observation  of  sections,  as  shown  in 
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figures  5  and  7,  of  brains  obtained  from  unimftla  subjected  to  the  intra^ 
venous  injection  of  water,  but  with  unopened  skuUa.  In  the  sections 
of  the  brains  which  were  allowed  to  herniate,  the  impression  of  extreme 
tenseness  and  turgidity  is  not  outstanding  as  is  the  case  with  the  braios 
which  were  restruned  by  unopened  dura  and  akull.  The  difference  is 
undoubtedly  to  be  explained  by  the  different  mechanical  limitations  to 
expsnuon  present  in  the  two  types  of  experiment. 

It  is  apparent  from  the  foregoing  that,  under  experimental  condi- 
tions similar  to  those  prevailing  in  the  control  observations  on  brains 
with  opened  skull  (with  or  without  the  intravenous  injection  of  Ringer's 
solution),  the  intravenous  introduction  of  water  causes  a  marked 
herniation  of  cerebral  substance  resulting  from  the  increase  in  the 
volume  of  the  brain.  It  is  also  worthy  of  note  that  the  gross  appear- 
ance of  sections  of  such  brains  is  different  from  that  previoualy  observed 
in  sections  of  brains  of  animals  receiving  water  intravenously  but  with 
unopened  skulls. 

Salt.  Intravenous  injections  of  a  hypertonic  solution  (30  per  cent 
sodium  chloride),  which  produced  a  marked  reduction  in  volume  of  the 
brain  in  animals  with  unopened  skulls,  have  been  given  to  a  number  of 
cats  in  which  openings  in  the  skull  and  dura  were  made  on  one  or  both 
sides.  The  conditions  prevailing  in  these  experiments  were  ramilar  to 
those  already  described  for  the  control  observations.  Following  the 
intravenous  injection  of  30  per  cent  sodium  chloride,  the  normal  con- 
vexity of  the  brain  in  the  trephine  opening  disappears  soon  after  the 
injection  is  begun,  so  that  the  brain  is  seen  to  lie  flat.  As  the  intra- 
venous injection  of  the  salt  is  continued,  the  brain  falls  away  from  the 
skull  untU  the  surface  presented  becomes  concave.  The  maximum 
shrinkage  has  been  observed  usually  in  from  fifteen  to  thirty  minutes 
after  the  completion  of  the  injection,  when  the  brain  lies  flaccid,  3  to  4 
mm.  below  the  inner  table  of  the  skull,  with  only  very  slight  visible 
pulsation.  In  figure  11  is  shown  the  result  of  an  experiment  in  which 
a  sii^le  opening  was  made  in  the  skull,  and  16^  cc.  of  a  solution  of  30 
per  cent  sodium  chloride  injected  intravenously.  The  photograph 
reproduced  in  this  figure  was  taken  after  the  fixation  of  the  bead  in 
10  per  cent  formalin  and  does  not  show  the  marked  shrinkage  which 
was  so  striking  at  the  end  of  the  experiment.  As  has  been  emphasized, 
the  methods  of  fixation  employed  do  not  preserve,  with  the  accuracy 
desired,  the  relations  existing  during  life ;  in  spite  of  this  difficulty  it  is 
readily  apparent,  from  figure  11,  that  here  the  skull  is  only  partially 
filled  by  this  markedly  shrunken  brain. 
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The  individual  reaction  and  tolerance  of  cats  to  intravenous  injec- 
tions of  a  hypertonic  solution  of  sodium  chloride  and  the  quantities 
most  effective  in  producing  a  decrease  in  the  volume  of  the  brain,  have 
been  discussed  in  a  preceding  section  of  this  paper.  In  these  observSr 
tions  with  the  opened  skuU,  doses  approaching  the  limit  of  the  animal's 
tolerance  (16  to  20  cc.)  have  been  administered;  the  same  differences  in 
individual  reaction  and  tolerance,  noted  before,  have  been  observed. 

There  is  given  below  the  protocol  of  a  typical  experiment  in  this 
series,  in  which  there  was  a  bilateral  opening  of  the  skull  and  dura  and 
an  intravenous  injection  of  20  cc.  of  a  hypertonic  solution  of  sodium 
chloride: 

No.    IBM.  AdiUt  femaU   cat.  Weight   ttSO  gram*.    Jnlriumou*  NaCt. 

9.3S  a.m.    Ether  with  intratracheal  tube. 
10.10  a.m.    Double  Bubtemporal  derompreaeton. 

10.19  a.m.    Dura  opened.    Brain  lies  with  normal  convexity,  pulsating  freely. 

No  injury  to  brain  or  membranea. 

10.20  a.m.    Cannula  put  in  vein  of  fore-leg  and  connected  with  burette  contain- 

ing 30  per  cent  NaCI  (Squibb). 
10.23  a.m.    Injection  begun.    Convexity  of  brain  normal. 
10.30  a.m.    Brain  aa  before.    No  hernia. 
10.35  a.m.    11  cc.  in.    Both  aides  of  brain  receding — lie  flat. 
10.40  a.m.    14  cc.  in.    Brain  fallen  more — lies  con(?Bve. 
10.45  a.m.    16  cc.  in.    Brain  fallen  more. 
10.fiO  a.m.    19  cc.  in.    Brain  fallen  still  more. 
10.54  a.m.    20  cc.  in.    Injection  stopped.    Brain  markedly  fallen.    Circulation 

good,  pulsation  slight. 
11.05  a.m.    Brain  markedly  shrunk.    Pulsation  Hlight.    Animal  in  good  shape. 

11.25  a.m.    Brain  far  receded,  pulsation  alight.    Brain  lies  3  to  4  mm.  away  from 

the  inner  table  of  the  skull. 

11.26  a.m.    Kther  to  death.    Immediately  injected  through  the  heart  with  10 

per  cent  formaldehyde  plus  1.5  per  cent  NaCI  with  cat  lying  on 
belly.  Head  cut  off  when  vessels  well  filled  and  immersed  in  same 
solution.  Withinafew  minutes  afterimmersionbraiu  rose  in  skull 
almost  level  with  trephine  opening. 

After  fixation  in  formalin  and  section,  these  brains,  taken  frtnn  ani- 
mals with  opened  skulls  and  with  intravenous  injection  of  30  per  cent 
sodium  chloride,  are  characterized  by  the  condition  shown  in  ^ure  14 
(single  skull  opening)  and  figure  17  (bilateral  subtemporal  decompress 
sion).  That  there  has  been  a  decided  decrease  in  the  volume  of  the 
brain  in  both  these  cases  is  quite  evident.  Figures  12,  13  and  14  show 
sections  of  a  series  of  brains  taken  from  animals  in  which  there  was  a 
single  subtemporal  decompression.    In  one  animal  (fig.  12)  water  was 
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injected  intravenously;  in  another  (fig.  14)  30  per  cent  sodium  chloride, 
while  in  the  third,  (fig.  13]  no  injection  was  given.  Figures  15,  16  and 
17  show  sections  of  brains  from  another  series  of  (tnimMa  in  which 
bilateral  openings  were  made  in  the  skull  and  dura.  Intravenous 
water  was  given  in  one  animal  (fig.  15),  intravenous  30  per  cent  sodium 
chloride  in  another  (fig.  17),  but  in  the  control  (fig.  16)  nothing  was  in- 
jected. A  glance  at  these  figures  is  quite  sufficient  to  show  that  in  the 
animal  receiving  the  intravenous  injection  of  a  solution  of  hypertonic 
Bodium  chloride  in  both  series,  the  brain  has  been  markedly  decreased 
in  volume.  A  close  examination  of  figures  14  and  17,  and  a  compar- 
ison  of  these  figures  with  figures  6  and  8,  which  resulted  from  experi- 
ments in  which  hypertonic  solutions  were  injected  intravenously  but 
with  the  skull  unopened,  is  extremely  interesting  in  that,  while  there  is 
evident  shrinkage  in  both  types  of  experiment,  the  way  in  which  the 
brain  was  affected  ia  different  in  the  two.  From  figures  14  and  17 
(opened  skull)  one  gets  an  impression  of  marked  compactness  of  the 
brain  as  a  whole;  this  phenomenon  is  not  so  apparent  in  figures  6  and  S 
(unopened  skull).  The  well  round.ed  gyri  and  tb6  clearly  apparent 
sulci,  previously  described  as  characteristic  (following  intravenous 
injections  of  hypertonic  solutions)  of  brains  arising  from  experiments 
in  which  the  skull  was  unopened,  are  not  to  be  found  in  brains  after 
similar  experimental  procedures  but  with  the  skull  opened.  It  is 
evident,  then,  that  with  the  operation  of  the  same  factor  which  tends 
to  produce  a  decrease  in  the  volume  of  the  brain,  the  form  of  the  end 
result  in  the  two  cases  is  altered  by  the  mechanical  conditions  imposed 
by  the  opened  or  unopened  akull.  It  is  thus  apparent  that  when  the 
brain  is  allowed  by  an  opened  skull  to  shrink  and  contract  freely,  the 
appearance  of  a  greater  decrease  in  total  volume  is  obtained  than  in 
experiments  where  the  force  producing  the  reduction  in  volume  must, 
as  it  were,  pull  against  a  partial  vacuum  furnished  by  the  intact  skull. 

These  observations  make  it  clear  that  in  brains  unrestrained  by  the 
physical  limitation  of  the  closed  cranium  there  is  a  marked  decrease  in 
volume  after  intravenous  injection  of  hypertonic  solutions  of  sodium 
chloride;  but  the  resulting  picture  ia  different  from  that  described  for 
brains  shrunken,  after  similar  injections,  within  an  intact  skull. 

In  the  course  of  the  above  experiments  the  failure  of  the  brain  of  a 
very  old  cat  to  show  marked  swelling  after  the  intravenous  injection  of 
water  led  to  several  observations  on  decidedly  old  animals.  Two  very 
old  cats,  following  double  temporal  decompression,  were  given  intra- 
venous injections  of  100  cc.  of  wqter.    The  brain  of  neither  cat  her- 
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niated  markedly  from  increoBe  in  bulk.  Another  old  cat,  after  double 
temporal  decompression,  waa  given  an  intravenous  injection  of  20  cc. 
of  30  per  cent  sodium  chloride.  The  brain  ahranlt  away  from  the  skull 
to  a  considerable  extent,  although  not  so  f ar  aa  ia  usually  the  case  in 
younger  individuals.  It  has  been  frequently  noted  that  when  exposed 
to  view  by  operative  procedure,  the  brains  of  these  old  cata  look  dif- 
ferent from  those  of  younger  individuals.  While  they  pulsate  freely  in 
the  decompresedon  openings,  they  lie  flat  and  do  not  show  so  much  coo- 
v^ty  as  is  characteristic  of  the  brains  of  younger  individuals.  The 
sulci  of  these  brains  of  old  cats  seem  wider  and  the  gyri  more  rounded 
ihan  those  characteristic  of  younger  cats.  That  the  brains  of  these  old 
animals  react  less  readily  to  intravenous  injections  by  changes  in  bulk 
than  the  brains  of  younger  individuals  seems  certain  from  these  obser- 
vations; that  increase  in  volume  should  be  more  difficult  than  decrease 
seems  reasonable,  in  view  of  certain  mechanical  and  other  conditions 
existing  within  the  cranium  in  old  individuals. 

Two  very  young  cats  weighing  1,300  and  1,500  grams,  were  selected 
as  typical  young  adults,  in  which  changes  in  brain  bulk  should  be  out- 
spoken. Following  double  subtemporal  decompression,  one  received 
an  intravenous  injection  of  100  cc.  of  water,  the  other  16  cc.  of  30  per. 
cent  NaCI.  Both  showed  very  well  marked  reactions,  developing  rela- 
tively as  great  swelling  or  shrinkage  as  has  been  seen  in  any  animal. 

HIBTOLOGICAL  BXAlflNATIGN 

The  pronounced  swelling,  which  occurs  in  the  cat's  brain  ^ter  the 
intravenous  injection  of  water,  and  the  marked  shrinkage  which  follows 
the  intravenous  injection  of  strongly  hypertonic  solutions,  has  led  to 
the  desire  to  correlate,  if  possible,  these  gross  alterations  with  histo- 
logical changes  in  the  cerebral  substance. 

Mention  has  already  been  made  in  this  paper  of  the  fact  that  fixation 
with  formaldehyde  does  not  preserve  accurately  the  gross  fonn  and  sise 
rdations  of  the  brain  as  seen  prior  to  death  of  the  animal,  so  that  the 
preliminary  observations  here  recorded  may  represent  only  very  roughly 
the  histological  picture  accompanying  the  various  modifications  of 
brain  bulk.  That  there  are  marked  histolc^ical  changes  is  readily  seen 
but  their  exact  interpretation,  particularly  in  regard  to  the  represen- 
tation of  conditions  prevailing  prior  to  fixation,  is  a  matter  requiring 
further  study.  It  is  hoped  that  when  a  method  of  fixation  is  devised 
which  will  preserve  the  form  and  me  relations  accurately,  more  intelli- 
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gent  bistolc^cal  and  cytological  observations  may  be  made.  The  pres- 
ent findings  are  reported  tentatively,  pending  an  attempt  to  control 
the  artifacts  probably  introduced  by  the  technical  methods  employed. 
The  material  available  for  this  study  was  that  resulting  from  the 
experiments  described  in  the  preceding  parts  of  this  paper.  This  ma- 
terial was  preserved  in  formaldehyde,  which  was  in  most  cases  injected 
through  the  aorta  immediately  after  the  death  of  the  animal.  One 
series  of  brains  fixed  by  Formaline-Zenker's  fluid  was  used  in  an  at- 
tempt to  control  the  material  preserved  in  formaldehyde.  Sections 
were  cut  in  paraffin,  10  n  thick;  stained  with  haematoxylin  and  eosiu, 
toluidine  blue  and  fuchsin  S,  and  with  Mallory's  and  Van  Gieson's 
connective  tissue  stains.  All  sections  were  made  from  blocks  of  cortex 
including  the  sulcus  lateralis  and  parte  of  the  two  adjacent  gyri,  taken 
from  the  dorsal  surface  of  the  brain  in  the  same  transrene  plane  as  the 
optic  cbiasma.  In  the  animals  where  the  skull  was  opened  during  the 
experiment,  this  block  of  cortex  was  found  to  be  in  the  upper  part  of 
the  trephine  opening.  Examination  of  sections  of  cortex  taken  from 
animals  used  in  this  study  quickly  showed  that,  when  juc^ed  by  the 
histolc^ical  changes  which  accompany  or  follow  gross  shrink^e  or 
'  swelling,  these  animals  may  be  divided  into  two  groups;  those  in  which 
the  skull  and  dura  were  opened  during  the  experiment  and  those  in 
which  the  cerebral  cavity  remained  intact.  The  histological  changes 
seen  in  sections  of  non-decompressed  brains  following  various  intra- 
venous injections  are  quite  marked  and  constant  in  the  material  studied, 
but  sections  from  decompressed  brains  fail  to  exhibit  the  same  marked 
differences  from  the  control.  It  is  quite  evident,  then,  that  following 
decompression  the  brain  may  adjust  its  volume;  it  may  herniate,  being 
only  partially  restricted  by  the  dura,  or  collapse  freely.  This  compar&> 
tive  freedom  to  contract  or  expand  probably  explains  the  finding  of 
similar  histological  pictures  in  the  normal  decompressed  controls,  and 
in  the  decompressed  brains  following  intravenous  injection  of  water  or 
salts.  All  the  specimens  tended  to  approach  the  normal  when  the 
brains  were  allowed  to  contract  or  expand  with  freedom,  but  when 
the  alterations  in  cerebral  volume  were  limited  by  the  closed  cranium, 
the  factors  responsible  for  the  macroscopic  changes  in  brain  bulk  pro- 
duced also  marked  microscopic  changes.  Although  these  bistolc^cal 
changes  as  observed  have  doubtless  been  altered  by  the  technical 
methods  employed  in  the  preservation  of  these  brains,  their  constancy 
is  ample  evidence  that  they  are  indicative  of  certain  fundamental 
changes  in  the  brain  substance,  even  though  they  may  represent  very 
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inaccurately  the  actual  conditions  prevailing  prior  to  death.  The  tech- 
nical procedures  employed  have  been  practically  uniform  for  all  braina, 
so  that  the  artifacts  produced  may  be  considered  as  constant. 

SkuU  unopened 

Normal.  Control  sections  were  made  from  blocks  of  cortex  taken 
from  ftnimaln  receiving  no  intravenous  injection  and  from  animals  in 
which  Ringer's  solution  was  introduced  intravenously.  While  it  is 
apparent  that  there  are  artifacts  in  these  sections,  due  probably  to  the 
method  of  fixation,  they  furnish  a  reasonable  control  for  sections  of 
brains  taken  from  animals  receivit^  intravenous  injections  of  various 
concentrations.  An  examination  of  sections  made  from  braina  of  ani- 
mals in  which  Singer's  solution  was  introduced  intravenously  and  a 
comparison  of  these  sections  with  normal  controls  shows  no  funda- 
mental differences  in  the  two,  so  far  as  our  observations  go.  These 
sections,  then,  furnish  a  reasonable  standard  with  which  the  sections 
from  ftnimala  subjected  to  other  experimental  procedures  may  be 
compared. 

Water.  The  general  appearance  of  sections  of  the  cortex  made  fnna 
Don-decompreesed  brains  following  the  intravenous  injection  of  water, 
is  that  of  a  swollen  tissue.  The  sulci  are  quite  narrow  and  the  gyri 
tend  to  be  flat.  The  smaller  vessels  seem,  if  different  from  normal, 
contracted  within  normal  or  slightly  expanded  perivascular  spaces. 
The  intercellular  material  of  the  gray  matter  seems  inflated,  the  spaces 
found  among  the  interlacing  cell  processes  appearing  lai^er  than  in 
control  sections.  Many  of  the  large  dendrites  which  rise  perpendicular 
to  the  free  surface  of  the  gyrus  are  apparently  larger  than  in  the  normal. 
Under  higher  magnifications  the  nuclei  of  nerve  cells  seem  compact, 
the  whole  nucleus  being  perhaps  sUghtly  contracted.  About  the  cells 
in  most  of  the  water  brains  examined,  there  is  an  evidently  enlarged 
pericellular  space,  the  general  impression  being  that  the  cell  itself  is 
contracted  away  from  the  surrounding  tissue.  The  occurrence  of 
enlarged  pericellular  spaces  in  the  gray  matter  of  the  cortex,  following 
the  intravenous  injection  of  water,  is  most  striking  and  constant. 
Pericellular  spaces  are  apparent  in  sections  of  normal  cortex,  particu- 
larly about  the  larger  cells,  but  following  the  introduction  of  water 
intravenously  these  spaces,  even  about  the  smaller  cells,  are  evidently 
considerably  enlarged.  In  this  material  the  enlarged  pericellular  spaces 
and  other  histological  evidences  of  change 'may  be  interpreted  as  due 
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to  conditions  within  the  brain,  different  from  those  existing  sormally, 
and  produced  by  the  intravenous  injection  of  a  hypotonic  solution. 

Salt.  Sections  of  the  cortex  taken  from  brains  following  intravenous 
injection  of  30  per  cent  sodium  chloride,  under  low  magnification,  show 
in  general  an  appearance  of  tissue  contraction,  the  sulci  being  wide  and 
the  substance  of  the  brain  condeoBed.  In  practically  all  of  the  salt 
brains  examined,  the  cortical  capillaries  seem  distended.  This  disten- 
sion may  be  explained  partially,  perhaps,  by  the  arterial  injection  with 
foimaldehyde  (a  procedure  carried  out  with  the  normal  and  water 
brains)  but  it  is  a  constant  finding  in  the  salt  brains  and  may  be  taken 
as  an  indication  of  some  constant  factor  in  the  fluid  concentration 
within  the  nervous  tissue.  In  most  of  the  salt  brains  the  perivascular 
spaces  are  apparent  but  not  enlarged.  The  intercellular  felt-work  in 
the  gray  matter  seems  compacted  and  denser  than  in  normal  sections. 
The  outstanding  feature  of  the  histological  picture  presented  by  these 
sections  of  salt  brains  concerns  the  occurrence  of  a  marked  clear  space 
about  the  nuclei  of  many  cells.  These  clear  spaces  vary  in  size  from  a 
slight  space  about  a  well-rounded  nucleus  to  a  wide  space  around  a 
markedly  crenated  nucleus.  These  spaces  increase  in  size  in  the  gray 
matter  from  the  medullary  core  out  to  the  surface  layers  of  eaclv  gyrus. 
The  nuclei  appear  condensed,  the  chromatin  being  aggregated.  The 
Nissl  substance  in  the  cytoplasm  is  at  the  periphery  of  the  cell,  the 
perinuclear  spaces  being  between  the  nuclear  membrane  and  a  mar- 
ginal ring  of  Nissl  substance.  In  sections  stained  with  toluidine  blue 
and  fuchsin  S,  these  spaces  are  seen  to  be  partially  filled  with  a  fluid- 
coagulum  which  Stains  with  fuchsin.  This  coagulum  in  most  cases 
has  shrunk  away  from  the  nucleus  toward  and  against  the  ring  of 
Nisal  substance.  No  pericellular  spaces  are  iisually  apparent  about 
the  cells  showing  such  perinuclear  spaces.  The  pericellular  spaces  may 
be  observed  occasionally  however  in  the  deeper  layers  of  the  gray 
matter  about  the  larger  cells.  As  noted  above,  the  perinuclear  spaces 
are  more  marked  and  the  nuclei  more  crenated  in  cells  of  the  surface 
layers  of  the  cortex.  It  seems  evident,  then,  after  a  comparison  of 
these  sections  with  normal  control  sections,  that  in  these  brains  the 
intracellular  perinuclear  spaces  and  other  histological  evidences  of 
change  in  the  brain  substance  may  be  attributed  to  changes  broi^ht 
about  by  the  intravenous  injection  of  a  hypertonic  solution. 
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Skull  Opened 

ExaminatioD  of  sections  of  bnuns  following  intravenous  injections  of 
solutions  of  various  concentration  in  animals  with  opened  skulls  reveals 
a  histological  picture  quite  similar  in  all.  There  are,  of  course,  minor 
differences  in  the  sections  examined,  but  such  differences  do  not  seem 
to  be  due  to  any  changes  brought  about  by  the  intravenous  injection. 
The  decompression  has  evidently  allowed  each  brain  to  expand  or  con- 
tract freely  and  to  adjust  its  fluid  distribution  so  that  no  essential  his- 
tological differences  are  noticeable,  all  retainii^  very  nearly  a  normal 
appearance.  That  there  may  be  in  these  brains  fundamental  histo- 
logical and  cytological  differences  not  revealed  by  the  methods  em- 
ployed, is  probable,  but  further  work  is  necessary  to  establish  such 
differences.  With  the  methods  employ^  it  is  certain  that  the  decom- 
pressed brains  do  not  show  the  histological  characteristics  which  are  so 
evident  in  the  non-decompressed  brains. 

An  exact  interpretation  of  the  above  observations  on  the  histological 
changes  in  the  cortex  of  the  brain  following  intravenous  injections  of 
hypotonic  and  hypertonic  solutions  can  not  now  with  reason  be  at- 
tempted. That  there  are  histological  changes  in  brains  unrelieved  by 
decompression  is  certain,  but  these  chai^;eB  need  more  accurate  study 
and  control  before  any  sane  effort  can  be  made  to  explain  them  accu- 
rately. The  changes  described  have  no  doubt  been  influenced  by  the 
technical  methods  employed;  these  methods  may  have,  in  addition, 
masked  or  destroyed  other  histological  evidences  of  changes  produced 
by  the  intravenous  injecticHiB.  Until  one  finds  a  method  of  fixation 
which  will  preserve  the  form  and  size  relations  of  the  brain  accurately 
and  at  the  same  time  will  make  possible  accurate  histological  study, 
the  above  observations  may  be  accepted  tentatively  as  an  indication 
that  changes  in  the  brain  substance,  recognizable  histologically,  do 
occur  following  intravenous  injections  of  solutions  of  various  concen- 
trations. 

DISCUSSION  OF  RESULTS 

The  experimental  alteration  of  the  volume  of  the  brain  l^  intra- 
venous injections  of  hypotonic  and  hypertonic  solutions  has  not,  so  far 
as  we  have  been  able  to  find,  been  previously  recorded  in  the  literature. 
The  ease  and  rapidity  of  these  changes  in  brain  volume  are  of  consider- 
able interest  in  view  of  the  old  idea  of  the  incompressible  character  of 
the  brain  and  its  relation  to  the  conception  of  a  constant  vascular 
volume  within  the  cranial  cavity. 
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The  hypothesis  that  the  volume  of  the  blood  circulating  within  the 
cranium  must  at  all  times  be  constant  was  first  brought  forward  by 
Alexander  Monro,  the  younger  (2)  in  1783.    At  this  time  he  wrote  that 

u  the  subfltance  of  the  brain,  like  that  of  other  solids  of  our  body,  ia  nearly  in- 
eompreuible,  the  quantity  of  blood  within  the  bead  mujt  be  the  aame  at  ail 
tiiDU,  whether  in  health  or  diaeaae,  in  life  or  after  death,  thoHC  cases  only  ex- 
cepted in  which  water  or  other  matter  is  effused  or  secreted  from  the  blood-ves- 
sels; for  in  these  cases,  a  quantity  of  blood  equal  in  bulk  to  the  effused  matter, 
will  be  pressed  out  of  the  cranium. 

This  viewpoint  advanced  by  Monro  was  accepted  and  elaborated 
by  Kellie  (3)  in  1824,  who  based  his  ideas  upon  observations  on  men 
frozen  to  death  and  upon  experiments  on  animals.  His  conclusions 
were  that  a  state  of  bloodlessness  did  not  exist  in  the  brams  of  animals 
killed  by  bleeding,  that  the  quantity  of  blood  in  the  cerebral  vessels 
was  not  afiFected'by  posture  or  gravitation,  that  congestion  of  these 
vessels  was  not  found  in  those  conditions  in  which  it  might  be  well 
expected  (hanging,  etc.)  and  that  compensatory  readjustments  between 
the  different  sets  of  cerebral  vessels  always  maintained  a  constant 
vascular  volume.     Subsequently  KeUie  wrote 

that  in  the  ordinary  state  of  these  parts  we  can  not  lessen,  to  any  ext«nt,  the 
quantity  of  blood  within  the  cranium,  by  arteriotomy  or  venesection;  whereas 
if  the  skull  of  an  animal  be  trephined  then  hemorrh^e  will  leave  very  little  blood 
in  the  brain. 

Within  the  next  two  decades  following  the  publication  of  the  results 
of  Kellie's  experiments,  many  clinical  observations  were  reported  in 
substantiation  of  this  conception — that  the  vascular  content  of  the 
brain  was  at  all  times  practically  constant.  This  Monro-Kellie  doc- 
trine received  wide  pubUcity  through  its  acceptance  by  Abercrombie 
(4).  This  eminent  surgeon,  in  discussing  apoplexy,  thus  summed  up 
his  views  on  th%  subject  (p.  300) : 

In  this  investigation  it  is  unnecessary  to  introduce  the  question,  whether  the 
brain  is  compressible,  because  wc  may  safely  assert  that  it  is  not  compressible 
by  any  such  force  as  may  be  conveyed  to  it  from  the  heart  through  the  carotid 
and  vertebral  arteries.  Upon  the  whole,  then,  1  think  we  may  assume  the  posi- 
tion as  being  in  the  highest  degree  probable,  that,  in  the  ordinary  state  of  the 
parts,  no  material  change  can  take  place  in  the  absolute  quantity  of  blood  circu- 
lating in  the  vessels  of  the  brain. 

Burrows  in  1843  (5)  was  probably  the  first  to  question  the  absolute 
accuracy  of  this  doctrine  which  so  finnly  considered  the  brain  as  of 
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fixed  incompressible  bulk.  He  emphasised  strongly  the  importance  of 
the  cerebro-Bpinal  fluid,  as  the  means  of  replacing  tlie  loss  of  blood 
during  hemorrhage,  for  he  felt  that  the  amount  of  intracranial  blood 
was  obviously  diminished  by  systemic  bleeding. 

"Whether  the  vacated  space  is  rei^aced  by  serum,  or  resiliency  of 
the  cerebral  substance  under  diminished  pressure,  is  another  question" 
was  Burrows'  summary  of  the  possible  readjustment  for  variations  in  the  . 
volume  of  the  cerebral  blood.  As  far  as  can  be  ascertained,  this  is  the 
first  statement  of  the  view  that  the  volume  of  the  brain  may  be  altered 
in  accord  with  pathological  or  physiological  conditions  within  the 
cranium.  Biurows  presents  one  of  the  most  satisfactory  conceptions 
of  the  whole  process  of  fluid  changes  within  the  cranium  (p.  32): 

Those  who  have  maintuned  thu  doctrine  of  the  constuit  quantity  of  blood 
within  the  cranium,  have  not,  I  believe,  taken  into  due  consideration  that  large 
proportion  of  the  couteuts  of  the  cranium  which  eonaiats  of  extra-vaacular  serum. 
Regarding  this  serum  as  an  important  element  of  the  contents  of  the  cranium,  I 
admit  that  the  whole  contente  of  the  cranium,  that  is,  the  brain,  the  blood,  and 
this  serum  together,  must  be  at  all  times  nearly  a  conetant  quantity. 

It  was  only  when  the  subject  of  a  coostant  blood  volume  in  the 
cranium  was  subjected  to  experimental  test  that  reliable  data  were 
obtained.  Kussmaul  and  Tenner  (6)  demonstrated  the  unreliability  of 
post-mortem  observations  and  came  to  the  conclusion,  advanced  by 
Burrows  and  supported  by  the  experimental  work  of  Donders  (7),  that 
variations  in  the  total  volume  of  blood  in  the  cranium  occurred.  These 
early  experiments,  as  pointed  out  by  Leonard  Hill  (S)  in  189S,  are  not 
conclusive  as  variation  in  the  blood  volume  in  one  part  of  the  cerebral 
vascular  system  might  well  be  compensated  by  readjustments  in 
another.  Following  many  other  investigators  who  used  various  meth- 
ods of  experimental  attack,  Leonard  HUl  concluded  that  (p.  77) :  "The 
volume  of  blood  in  the  brain  is  in  all  physiological  conditions  but 
slightly  variable." 

More  recently  (1914)  Dixon  and  Halliburton  (9),  in  the  course  of 
an  extensive  study  of  the  cerebro-spinal  fluid,  have  come  to  the 
conclusion  "that  the  cranial  contents  cannot  any  longer  be  regarded  as 
a  fixed  quantity  without  the  power  of  expanding  or  contracting  in 
volume." 

It  must  be  assumed,  however,  that  with  certain  reservations,  the 
data  favor  the  idea  of  a  relatively  fixed  total  volume  of  the  cranial 
contents  but  with  the  capacity  for  change  in  any  one  of  the  three  chief 
elements  concerned. 
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The  conception  of  a  more  or  less  constant  cranial  content  is  closely 
related  to  the  questions  which  are  naturally  called  forth  by  the  experin 
mental  modification  of  brain  bulk,  detailed  in  forgoing  sections  of 
this  paper.  For  within  the  closed  cavity  the  alteration  in  volume  of 
any  element  must  be  at  the  expense  of  the  other  elements.  First  of 
the  possible  explanations  of  the  experioientat  alteration  in  brain  bulk 
is  that  relating  to  the  blood  volume  of  the  cranium.  Are  the  vascular 
readjustments  following  the  intravenous  injection  of  hypotonic  and 
hypertonic  polutions  sufficient  to  account  for  the  definite  change  in 
brain  bulk?  In  one  of  his  original  experiments,  in  which  the  cranium 
of  a  dog  had  been  trephined,  Kellie  observed  a  recession  of  the  brain 
away  from  the  skull  durii^  exsai^uination.  Ecker  (9)  also  observed 
in  a  trephined  animal  a  remarkable  shrinkage  of  the  brain  when  the 
loss  of  blood  from  division  of  the  carotids  became  excessive.  The  con- 
verse of  this  vascular  diminution  of  the  brain  volume  was  recorded  also 
by  Ecker,  who  found  that  pressure  on  the  thorax  of  a  trephined  dc^ 
caused  protrusion  of  the  brain  into  the  cranial  openii^.  Burrows  also 
comments  on  this  possibility  of  hernia  through  the  trephine  opening 
occurring  in  those  cases  in  which  the  blood  supply  to  the  brain  was 
markedly  increased.  These  early  observations  on  the  relation  of  the 
crania)  vascular  supply  to  the  volume  of  the  brain  during  life  have  been 
confirmed  and  substantiated  by  many  other  workers  on  the  cerebral 
circulation  and  cerebro-spinal  (intracranial)  pressure. 

In  our  own  experiments  the  modification  of  brain  bulk  has  been 
produced  both  in  the  opened  and  in  the  intact  skull.  Observations  on 
venous  and  arterial  pressures  under  such  experimental  conditions  have 
been  made;  these  will  be  reported  at  another  time.  But  that  these 
alterations  in  brain  bulk  are  independent  of  changes  in  volume  of  the 
blood  in  the  vascular  bed,  may  be  deduced  from  other  findings.  The 
fact  that  similar  changes  occur  in  both  the  trephined  and  the  unopened 
skull  is  strong  evidence  a^inst  the  view  that  these  changes  in  brain 
bulk  depend  on  alterations  in  vascular  volume  and  the  persistence  of 
the  anatomical  change  after  formalin  fixation  makes  such  a  view  un- 
tenable. For  it  must  be  assumed  that  with  death  of  the  animal,  open- 
ing of  the  chest,  introduction  of  a  cannula  in  the  aorta,  injection  of 
formalin  through  this  vessel  and  release  of  the  pressure  by  incising  the 
r^t  auricle,  any  vascular  alterations  existing  in  life  are  no  longer 
maintained;  so  that  the  persistence,  after  such  fixation,  of  a  given 
brain  bviSf,  if  due  simply  to  the  amoimt  of  blood  in  the  capillary  bed 
and  other  vessels  of  the  brain,  would  be  impossible.    That  changes  in 
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bulk  do  peiaiet  after  fixation  as  above,  is  ample  evidence  that  such 
changes  are  maintained  by  some  fundamental  and  comparatively 
stable  alterations  in  the  substance  of  the  brain  itself.  A  further  fact, 
which  shows  that  the  changes  in  volume  of  the  brain  as  produced  in 
these  experiments  are  fundamentally  independent  of  vascular  altera- 
tions, is  that  brains  fixed  by  (nmierBion  in  formalin,  as  well  as  those 
preserved  by  arterial  injection  of  the  fixing  agent,  retain  in  part  the 
changes  in  bulk  produced  by  intravenous  injection.  Following  several 
experiments  in  which,  after  opening  of  the  skull  the  brain  bulk  was 
changed  by  intravenous  injection,  the  heads  of  the  animals  were  cut 
from  the  body  and  immersed  in  formalin.  That  the  skull  and  dura 
were  freely  open  during  experimentation  in  these  cases  and  that  all  the 
vessels  of  the  neck  were  severed  before  fixation  by  immersion  and  not 
by  injection  and  that  after  such  treatment  the  brain  still  maintained 
the  volume  change  brought  about  by  the  intravenous  injection,  are 
further  evidence  that  the  changes  in  bulk  are  independent  of  vascular 
alterations.  While,  as  has  been  emphasized,  the  method  of  preserva- 
tion does  not  acciu^tely  maintain  the  condition  existing  in  life,  it 
nevertheless  makes  possible  the  recognition  of  undeniable  evidence  of 
change  in  brain  bulk.  Vascular  alterations  may  account  for  some 
changes  in  brain  bulk  which  occur  in  the  living  animal,  but  the  changes 
persisting  in  death  and  after  the  technical  procedures  employed  in  this 
investigation  are  quite  evidently  jdue  to  some  other  cause. 

The  other  variable  factor  which  may  operate  within  the  cranium  in 
producing  changes  in  brain  bulk  involves  the  cerebro-spinal  fluid.  We 
have  already  not«d  the  lasting  rise  in  the  pressure  of  the  cerebro-spinal 
fluid  following  the  intravenous  injection  of  a  hypotonic  solution,  and 
the  production  of  swollen  brains  by  such  injections.  C!onversely,  a 
definite  decrease  in  the  size  of  the  brain  has  been,  found  in  those  cases 
in  which  the  pressure  of  the  cerebro-spinal  fluid  has  been  markedly 
lowered  by  intravenous  injection  of  hypertonic  solutions.  In  consider- 
ing  these  results  it  becomes  rather  difficult  to  determine  with  absolute 
accuracy  the  primary  factor  involved  in  producing  these  alterations. 
Does  the  modification  of  the  bulk  of  the  brain  determine  the  pressure- 
change  in  the  cerebro-spinal  fluid  or  are  both  dependent  individually 
on  some  more  fundamental  cause?  That  change  in  brain  volume  in 
our  experiments  lb  not  caused  alone  by  chaises  in  the  pressure  of  the 
cerebro-spinal  fluid  is  demonstrated  by  its  occurrence  in  the  opened 
skull,  for  with  the  trephine  opening  and  the  dura  incised,  the  fluid  pres- 
sure becomes  minimal,  and  any  rise  in  pressure  is  within  certain  limits 
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relieved.  That  fundamental  osmotic  changes  in  the  blood  are  respon- 
sible for  the  changes  in  the  pressure  of  the  cerebro-epinal  fluid,  follow- 
ii^  intravenous  injections  of  solutions  of  various  tonicity,  seems  a 
reasonable  conclusion.  Although  it  is  probable  that  change  in  the 
volume  of  the  brain  may  aSect  the  prcflsure  of  the  cerebro-spinal  fluid, 
and  possible  that  changes  in  the  pressure  of  the  fluid  may  alter  the  bulk 
of  the  brain,  in  these  experiments  there  is  evidence  that  primary  alter- 
ations in  brain  bulk  and  cerebro-spinal  fluid  pressure,  both,  are  caused 
by  fundamental  osmotic  changes  in  the  blood  supplied  to-  the  brain. 

Such  considerations  force  one  to  conclude  that  the  alteration  in  the 
volume  of  the  brain  following  intravenous  injections  of  hypotonic  or 
hypertonic  solutions  is  quite  independent  of  change  in  either  the  volume 
of  the  blood  supp^  to  the  brain  or  of  the  pressure  of  the  cerebro-epioal 
fluid.  With  the  diminution  in  bulk  the  pressure  of  the  cerebro-epinal 
fluid  falls — a  partial  compensation  for  the  evacuated  space  formerly 
occupied  by  the  brain  of  normal  size.  Ck>nversely,  an  increased  bulk 
ot  the  brain  may  cause  dislocation  of  ^  certain  volume  of  the  cerebro- 
qtinal  fluid,  thus  raising  its  pressure  as  determined  in  a  manometer. 

Relating  this  experimental  modification  .of  the  brain  bulk  to  the 
restricted  Monro-Kellie  doctrine  it  becomes  evident  that  another  vari- 
able factor  must  be  introduced.  The  brain  should  no  longer  be  con- 
udered  as  incompressible  and  of  fixed  volume  as  the  early  writers 
assumed  it  to  be,  but  as  subject  to  variation  in  size  under  experimental 
conditions.  Monro,  <A  course,  qualified  his  theory  by  consideration  of 
matter  "effused  or  secreted  from  the  blood  vessels,"  and  Burrows 
suggested  that  the  brain  possessed  "resiliency  of  the  cerebral  sub- 
stance under  diminished  pressure."  Pathologically  the  increase  in 
bulk  of  the  brain  is  well  known  in  the  cerebral  edemas  of  traiuna,  acute 
infections  and  certain  other  conditions.  Similarly,  pathological  states 
characterized  by  diminished  volume  of  the  brain  are  also  quite  common. 
The  Monro-Kellie  doctrine  then  requires  marked  modification;  the  view 
so  well  advanced  by  Burrows  ia  probably  the  more  correct.  This  leads 
one  to  assume  that  the  cranial  cavity  is  relatively  fixed  in  volume  and 
is  completely  filled  by  brain,  cerebrospinal  fluid  and  blood;  variations 
in  any  one  of  the  three  elements  may  occur,  compensation  beii^  afiForded 
by  alteration  in  the  volume  of  one  or  both  of  the  remaining  elements. 

The  underlying  processes  involved  m  the  modification  of  brain  bulk 
by  the  intravenous  injection  of  hypertonic  and  hypotonic  solutions 
seem  concerned  then  with  osmotic  changes  in  the  blood.  That  the 
osmotic  pressure  of  the  blood  ts  an  essential  factor  in  such  experimental 
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changes  in  brain  bulk  is  shown  by  the  fact  that  no  alteration  in  the 
volume  of  the  brain  follows  relatively  large  doses  of  Rii^er'B  solution 
(100  cc.  in  a  cat)  but  occurs  promptly  on  intravenous  injection  of  far 
smaller  amounts  of  distilled  water  or  concentrated  salines.  Jufit  bow 
this  change  in  osmotic  value  of  the  blood  affects  the  brain  tissue  and 
alters  its  volume  can  only  be  speculated  upon  at  the  present  time. 
The  change  is  limited  apparently  by  th«  potential  distenstbility  or 
contractility  of  the  brain  in  the  particular  animal  used.  Thus,  in  old 
cats,  the  alterations  in  brain  volume  have  not  been  so  imu-ked  as  in 
younger  animals,  though  the  contractility  seems  to  persist  longer  than 
the  distensibility.  On  the  other  hand,  in  young  animals  the  change  in 
cerebral  volume  ia  of  far  easier  accomplishment.  Capacity  for  osmotic 
chaises  in  these  animals  must  be  about  the  same;  the  resultant  modifi- 
cation of  the  brain  bulk  then  is  limited  by  anatomical  factors.  Finally, 
in  the  closed  skull  certain  changes  take  place,  limited  by  the  potential 
powers  of  change  in  the  brain  itself  and  by  the  intradural  capacity;  in 
the  trephined  skull,  the  only  .linoitation  to  change  is  the  intrinsic 
capability  for  contraction  or  expansion  of  the  brain  itself. 


1.  Intravenous  injection  of  a  hypertonic  solution  (30  per  cent  NaCt 
or  saturated  NaHCOj)  is  followed  by  a  marked  decrease  in  size  of 
the  brain;  when  the  skull  is  opened  the  brain  may  be  seen  to  fall 
away  several  millimeters  from  the  inner  surface  of  the  skull  after  such 
injection. 

2.  Intravenous  injection  of  a  hypotonic  solution  (water)  causes  a 
marked  swelling  of  the  brain;  when  openings  are  made  in  the  skull  the 
brain  will  rise,  forming  tense  hemiae  protruding  several  millimeters 
through  the  trephine  openii^. 

3.  Iliese  changes  are  independent  of  the  volume  of  the  fluid  injected 
and  are  probably  due  te  fundamental  osmotic  effects  of  the  hypotonic 
and  hypertonic  solutions. 

4.  The  brains  of  old  cats  fail  to  respond  readUy  to  intravenous  injec- 
tion,  particularly  to  the  intravenous  injection  of  hypotonic  solutions. 

5.  Internal  changes,  recognizable  histolc^caUy,  have  been  found 
quite  constantly  in  the  brains  of  animals  which  have  been  given  intra- 
venous injections  of  hypertonic  or  hypotonic  solutions  and  which  have 
not  been  trephined.  On  the  contrary,  in  animals  in  which  the  skull  is 
opened  and  the  brain  thus  allowed  to  change  its  volume  freely,  these 
histological  changes  have  not  been  demonstrated. 
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PLATE  I 


Fig.  1.  Photograph  X  1-  Cat  no.  13M.  Adult  female.  Occipito-atlantold 
ptmcture.  Continaous  observation  of  presnire  of  cerebto-apinal  fluid  tor  75 
minutes,  with  intravenous  injection  of  36  cc.  sterile  distilled  water.  Preaaure 
rose  from  106  ram.  to,175  mm.  following  injeetion.  Sacrificed  with  ether  30  min- 
uter after  oonipletion  of  injection.  Fixed  bjr  injeetion  with  10  per  cent  formalin. 
Dura  not  removed. 

Fig.  2.  Photograph  X  j.  Cat  no.  1371.  Adult  male.  Intravenous  injection 
of  20  cc.  30  per  cent  NaCI  (Squibb)  in  5  co.  dosea  given  at  30  minute  intervals. 
Sacrificed  with  ether  2  hours  alter  first  and  30  miautea  after  last  done.  Fixed  by 
injection  with  10  per  cent  formalin.    Dura  not  removed. 

Fig.  3.  Photograph  X  1.  Cat  no.  1402.  Adult  female.  Control.  Well- 
nourished,  normal  animal.  Sacrificed  with  ether.  Transverse  section  through 
optic  chiaama.    Fixed  by  injection  with  10  per  cent  formalin. 

Fig.  4.  Photograph  X  1.  Cat  no.  1309.  Young  adult  female.  Oocipito- 
atlantoid  puncture.  Continuous  observation  of  pressure  of  eerebro-epinal  fluid 
for  81  minutes,  with  intravenous  injection  of  12  oc.  Ringer's  solution.  Initial 
pressure  90  mm.,  final  pressure  110  mm.  Sacrificed  with  ether  1  hour  after  com- 
pletion of  injection.  Transverse  section  through  optic  chiasma.  Fixed  by  in- 
jection with  10  per  cent  formalin. 

Fig.  8.  Photograph  X  1.  Cat  no.  1304.  Transverse  section  through  optic 
chiaama  of  brain  shown  in  figure  1. 

Fig.  6.  Photograph  X  1.  Cat  no.  I37I.  Transverse  section  through  optic 
chiaama  of  brain  shown  in  figure  2. 

Fig.  7.  Photograph  X  1.  Cat  no.  1303.  Adult  female.  Oeeipito -atlantoid 
puncture.  Continuous  observation  of  pressure  of  eerebro-epinal  Suid  for  84 ' 
minutes,  with  intravenous  injection  of  20  cc.  sterile  distilled  water.  Pressure 
rose  from  100  mm.  to  195  mm.  Sacrificed  with  ether  1  hour  after  completion  of 
injection.  Transverse  section  through  optic  chiasma.  Fixed  b;  injection  with 
10  per  cent  formalin. 

Fig.  8.  Photograph  X  1.  Cat  no.  1364.  Young  adult  female.  Occipito- 
atlantoid  puncture.  Continuous  observation  of  pressure  of  eerebro-epinal  fluid 
for  90  minutes,  with  intravenous  injection  of  10  cc.  saturated  aqueous  solution  of 
sodium  bicarbonate.  Pressure  fell  from  115  mm.  to  below  aero.  Sacrificed  with 
ether  70  minutes  after  completion  of  injection.  Transverse  section  through 
optic  chiasma.    Fixed  by  injection  with  10  per  cent  formaldehyde. 


PLATE  11 

Fig.  9.  Photograph  X  }.  Cat  no.  1524.  Adult  female.  Weight  2,350  grams. 
Temporal  decompression  on  left  side.  Intravenous  injection  of  100  cc.  sterile 
distilled  water.  Marked  hernia  of  brain  through  trephine  opening  3  mm.  beyond 
outer  table  of  skull  beginning  with  the  injection  and  persisting  until  animal  was 
sacrificed  with  ether  35  minutes  after  completion  of  injection.  Fixed  by  immer- 
sion with  ID  per  cent  formalin.  Trephine  opening  made  on  right  side  after  the 
beginning  of  fixation. 
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Fig.  10.  Photograph  X  ).  Cat  no.  1531.  Adult  male.  Weight,  2,330  jtrams. 
Temporal  decomprenion  on  left  side.  Intravenous  injection  of  100  cc.  Ringer's 
solution.  Brain  lies  convex  with  no  hernia  or  evidence  of  swelling  or  shrinkage 
throughout  the  experiment.  Sacrificed  with  ether  36  minutes  after  completion 
of  injection.  Fixed  by  immersion  with  10  per  cent  formalin.  Trephine  opening 
made  on  right  side  46  minutes  after  the  beginning  of  fixation. 

Fig.  II.  Photograph  X  J.  Cat  no.  1506,  Adult  male.  Weight.  2,100  grams. 
Temporal  decompression  on  left  side.  Intravenous  injection  of  16J  cc.  30  per 
cent  NaCl  (Squibb).  Brain  riies  slightly  with  beginning  of  injection  but  fails 
away  from  skull  before  injection  is  finished.  Thirty  minutes  later  lies  concave, 
3  mm.  below  inner  table  of  skull  at  forward  edge  of  opening.  Sacrificed  with 
ether  33  minutes  after  completion  of  injection.  Fixed  by  immersion  with  10  per 
cent  formalin.  Trephine  opening  made  on  right  aide  after  the  beginning  of 
fixation. 

Fig.  12.  Photograph  X  1.  Cat  no.  1501.  Adult  fem^e.  Weight  2,400  grams. 
Temporal  decompression  on  left  side.  Intravenous  injection  of  100  cc.  sterile 
distilled  water.  Brain  rises  as  injection  begun;  hernia  increases  during  injec- 
tion; brain  bulges  markedly  through  trephine  opening  with  protrusion  in  center 
about  8  mm.  beyond  outer  table  of  skull,  35  minutes  after  injection  finished. 
Sacrificed  with  ether  37  minutes  after  completion  of  injection.  Fixed  by  injec- 
tion through  aorta  with  10  per  cent  formalin.  Transverse  section  just  behind 
optic  chiosma.    Dura  removed. 

Fig.  13.  Photograph  X  1.  Cat  no.  1503.  Adult  female.  Weight  2,260  grams. 
Control.  Temporal  decompression  on  left  side.  No  intravenous  injection. 
Brain  lies  convex  about  level  with  the  outer  table  of  the  skull  throughout  experi- 
ment. Sacrificed  with  ether  36  mmutes  after  completion  of  decompression. 
Fixed  by  injection  through  aorta  with  10  per  cent  formalin.  Transverse  section 
just  behind  optie  chiasma.    Dura  removed. 

Fig.  14.  Photograph  X  1.  Cat  no.  IS05.  Adult  female.  Weight  2,060  grams. 
Temporal  decompression  on  left  side.  Intravenous  injection  of  161  cc.  30  per 
cent  NaCl  (Squibb).  Brain  bulges  markedly  durmg  injection,  but  immediately 
begins  to  subside  on  completion  of  injection  until  in  30  minutes  it  lies  concave  1 
mm.  below  inner  table  of  skull.  Sacrificed  with  ether  36  minutes  after  comple- 
tion of  injection.  Fixed  by  injection  through  aorta  with  10  per  cent  formalin. 
Transverse  section  just  behind  optic  chiasma.    Dura  removed. 

Fig.  15.  Photograph  X  1.  Cat  no.  1536.  Adult  female.  Weight  2,430  grams. 
Double  temporal  decompression.  Intravenous  injection  of  100  cc.  sterile  dis- 
tilled water.  Beginning  with  the  injection  brain  rises  in  a  tense  hernia  on  both 
sides.  Sacrificed  with  ether  31  minutes  after  completion  of  injection.  Fixed  by 
injection  through  aorta  with  10  per  cent  formalin.  Transverse  section  through 
optic  chiasma.    Dura  removed. 

Fig.  16.  Photograph  X  1.  Cat  no.  1532.  Adult  male.  Weight  2,260  grams. 
Control.  Double  temporal  decompression.  No  intravenous  injection.  Through- 
out experiment  brain  lies  convex  with  no  bulging.  Sacrificed  with  ether  20 
minutes  after  completion  of  decompression.  Fixed  by  injection  through  aorta 
with  10  per  cent  formalin.  Transverse  section  through  optic  chiasma.  Dura 
removed. 
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Fig.  17.  Phott^sph  X  I.  Cat  DO.  1641.  Young  mule.  Weight  1,600  gmui. 
Double  temporal  decompression .  Intravenous  injection  of  10  oo.  30  per  cent 
NaCl  (Squibb).  Beginning  with  injection  brain  falls  away  from  skull  lying 
about  3  mm.  below  inner  table  20  minutes  after  injection  stopped.  Sacrificed 
with  ether  55  minutes  after  completion  of  injection.  Fixed  by  injection  through 
aorta  with  10  per  cent  formalin.  Transverse  section  through  optic  t 
Dura  removed. 
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